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I. INTRODUCTION. 


IN GENERAL, the transport numbers of acids are difficult to de- 
termine accurately.on account of the great speed of the H ion, as 
compared with that of the negative ion, with which it is asso- 
ciated. Recently, however, the transport number of hydrochloric 
acid has been determined with excellent results by Noyes and 
Sammet.t The dissociation of hydrochloric acid in dilute solutions 


cannot be other than very simple, that is, into the ions H and Cl. 
It, therefore, seemed desirable to investigate with considerable 
care the transport number of a dibasic acid where the conditions 
may not be so simple. Sulphuric acid has been chosen for this 
purpose. In fairly strong solutions some molecules of this - 


dissociate into the ions H and HSO,, and some into the ions oH 


and SO,. As the dilution increases the number of HSO, ions 

gradually becomes less, and finally practically all disappear. Since 

the nature of the anion is thus changing as the concentration of 

the acid becomes less, the transport number will probably also 
1 This Journal, 24, 944 (1902). 
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vary with the concentration more than in the case of a mono- 
basic acid. 

The transport number of sulphuric acid has been investigated 
by Wiedemann,’ Hittorf,? Bein* and Starck.* Of these Starck’s 
determinations are the most recent and the most numerous, but 
his results differ greatly from those of the other investigators, 
This, therefore, was an additional reason for a systematic rede- 
termination of this quantity. 

Some of the investigators just mentioned worked with a plat- 
inum anode and some with a cadmium anode; in some of the ex- 
periments, also, a diaphragm was used to separate the anode from 
the cathode portion of the solution. A summary of the results 
obtained is shown in Table I. The approximate concentration of 
the solution, expressed in normal terms, is indicated by m. The 
transport number has been multiplied by 1000 in every case. 








TABLE I. 
Hittorf, H. (1859), Cd anode, with diaphragm, Bein (1898), Cd anode. 
and Wiedemann, W. (1856), Pt anode. r 
a m = 0.05. n n 

m. n. Investigator. Temp. anode. cathode. 
3.0 174 H. EE’ 174 172 
2.0 189 W. II 175 180 
0.8 177 13 @ 9 vee 176 
0.4 176 W. Mean, 175 
0.2 212 Hi. 23 eee 200 


0.13 206 is 
Starck (1899), Pt anode. 





With diaphragm. 17°-20°. 


— 


Without diaphragm. 








Number of 


n determina- n n n 
m. anode __ tions made. m. Temp. anode. cathode. mean. 
3.0 195 5 1.0 7° I9I 190 IgI 
2.0 199 2 1.0 16 201 194 198 
1.0 175 I o.1 ar 208 199 204 
0.5 163 I 
O.II 145 5 
0.06 135 I 


II. METHOD. 


The form of apparatus used for holding the solution is shown 
in the accompanying figure. It consists essentially of two U-tubes, 
provided with side apertures, so that they can be connected. 


1 Pogg. Ann., 99, 184 (1856). 

2 Jbid., 106, 400 (1859). 

3 Ztschr. phys. Chem., 27, 52 (1898). 
* Ibid., 29, 385 (1899). 
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For the first experiments tubes were employed which were 40 cm. 
in length and 2 cm. in diameter. For the more recent experiments, 
which make up the larger number, tubes of the same length, but 
3. cm. in diameter, were used. The anode was of cadmium, while 
the cathode was a platinum spiral. A platinum anode is apt to 
lead to errors in the analysis of the anode portion of the solution 
on account of the formation of hydrogen dioxide and of per- 
sulphuric acid. Some experiments were first made with a lead 
anode in the hope that with the weak current used the anion would 
react with the electrode forming lead sulphate. This, however, 
had to be abandoned, as only a small quantity of sulphate was 
formed, oxygen being liberated and some hydrogen dioxide and 
lead dioxide were produced. With a cadmium electrode the cad- 
mium sulphate formed goes, of course, into solution, but since the 
Cd ion migrates much more slowly than the H ion, apparently 
no appreciable error was introduced. 

The solution was introduced by the middle necks and was not 
allowed to rise higher in the outside limbs than CC’, while it 
stood at about D D’ in the inside limbs. During electrolysis the 
liquid became heavier around the anode, and this adjustment 
tended to prevent convection currents. During an experiment this 
whole apparatus stood in a water-bath at the desired temperature, 
which was maintained constant within -+0.2°. The electrolysis 
was not begun until the solution had reached the temperature of 
the bath. 
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The current employed had a potential fall of 110 volts in the 
circuit and a current strength on the average of 0.07 ampere. 
The latter was somewhat greater when some of the more concen- 
trated solutions were electrolyzed and somewhat less in all the 
experiments with twentieth- and fiftieth-normal acid. The current 
strength was regulated by means of appropriate resistances and 
remained practically constant throughout an experiment, as was 
proved by making frequent readings on a milliammeter which was 
in the circuit during some of the experiments. The electrolysis 
was continued for two or three hours, according to the conditions 
of the experiments, and the amount of electricity passed was de- 
termined by means of a silver voltameter. The silver anode of 
the voltameter was wrapped in filter-paper, and the rod leading to 
it was well insulated by passing through a glass tube, supported 
by a clamp, tipped with cork. There was, therefore, no chance 
for leakage around the voltameter. 

After an experiment the solution was carefully drawn off from 
the tubes by means of a large pipette, provided with a stop-cock. 
The tip end of the pipette turned up, and its mouth was always 
kept just below the level of the liquid. A constant suction was 
maintained by using an aspirator. The first three portions were 
removed to tared flasks and their weight determined. First the 
middle portion down to about A A’ (see figure) was removed, 
then the portions from A to B and from J’ and B’. The U-tubes 
were then disconnected, the electrodes removed and the portions 
BC and B’ C’ were weighed in the tubes, the tubes having been 
tared before filling. These five portions will be designated as 
follows: That about the anode by A, that next adjacent by A,, 
the middle portion by M, that about the cathode by C, and that 
next adjacent to the cathode by C,. The total anode portion is 
then 4 + A,, and the total cathode portion C -+ Cj. 


III. PREPARATION AND ANALYSIS OF SOLUTIONS. 


Experiments have been made with sulphuric acid of six 
strengths, viz., normal, half-normal, fifth-normal, tenth-normal, 
twentieth-normal and fiftieth-normal. ‘These concentrations are 
only approximate, the exact strength being given in connection 
with each experiment. The temperature at which most of the 
experiments were made was 20° ; some were also made at 8° and 
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at 32°. The acid from which the solutions were prepared was the 
so-called chemically pure; it was distilled just before use, only the 


middle fraction being retained. 


All of the water employed in 


making the solutions had a conductivity of less than 1.5 & 10—§ 
reciprocal ohms at 18°. 

The strength of the solutions were determined by precipitating 
the acid as barium sulphate, the filtration and weighing being 
carried out in a Gooch crucible. The degree of accuracy attained 


can be seen from the results given in Table II. 


This table con- 


tains the results of the analyses of all the solutions used in the 


second or larger apparatus. 


The data here given show the grams of H,SO, in 1 kg. of solu- 
tion derived from each solution from three separate determinations, 
the mean of these three results and the average deviation of the 
individual results from this mean. 


Sol. No. 8. 
47-330 
47-395 
47-317 





Mean, 47.318 
a.d., 0.009 


Sol. No. 13. 
5.0230 
5.0109 
5.0161 





Mean, 5.0167 
a.d., 0.0042 


Sol. No. 18. 
2.5603 
2.5627 
2.5589 





Mean, 2.5606 
a.d., 0.0014 


Sol. No. 23. 
1.0230 
1.0208 
1.0216 





Mean, 1.0218 
a.d., 0.0008 


Sol. No. 9. 
48.768 
48.765 
48.765 





48.766 
0.0013 


Sol. No. 14. 
4.9378 
4.9414 
4.9395 





4.9396 
0.0012 
Sol. No. 19. 
2.5831 
2.5802 
2.5844 





2.5826 
0.0016 


Sol. No. 24. 
1.0745 
1.0728 
1.0723 





1.0732 
0.0009 


























TABLE II. 

Sol. No. to. Sol. No. 11. 
47-749 25-092 
47-775 25.181 
47.756 25.164 
47.760 25.146 

0.010 0.036 
Sol. No. 15. Sol. No. 16. 
4.9272 4.9926 
4.9225 4.9958 
4.9325 4.9876 
4.9274 4.9920 
0.0034 0.0029 
Sol. No. 20, Sol. No. 21. 
2.4613 2.4347 
2.4625 2.4314 
2.4587 2.4358 
2.4608 2.4340 
0.0014 0.0017 
Sol. No. 25. Sol. No. 26. 
0.99478 1.0120 
0.99620 1.0135 
0.99342 1.0141 
0.99480 1.0132 
0.00093 0.0008 


Sol. No. 12. 
23-555 
23.546 
23.560 





23-554 
0.005 


Sol. No. 17. 
5.0623 


5.0587 
5.0646 





5.0619 
0.0021 


Sol. No. 22. 
1.0320 
1.0353 
1.0337 





1.0337 
0.OoI!I 
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The average of the average deviation of the individual results 
from the mean is a little less than 1 part in 1000, which is about 
the limit of accuracy in determining sulphuric acid as barium sul- 
phate. The analytical results of the first seven solutions, which 
were used in the smaller apparatus, showed an average deviation 
no greater than the above. The strength of these solutions will 
be found in connection with the calculation of the transport num- 
bers in Table IV. 

The analysis of the five portions of the solution drawn off after 
electrolysis will now be considered. The first one of these, the 
anode portion A, contained much cadmium and was always ana- 
lyzed by precipitating the sulphuric acid as barium sulphate, pre- 
cisely as the original acid solutions were analyzed. The other four 
portions were analyzed by titration with a solution of potassium 
hydroxide, the strength of this solution varying according to the 
concentration of the acid solutions. For the strongest acid solu- 
tions, normal and half-normal, alkali solutions of approximately 
half these concentrations were employed; for the acid solutions, 
fifth-normal and tenth-normal, they were of about equal concentra- 
tion; for the weakest solutions, twentieth-normal and fiftieth-nor- 
mal, the alkali solutions were of about twice the concentration. 

The alkali solutions were prepared by dissolving Schuchardt’s 
Kalium hydric. ale. dep. in water, boiling with a _ small 
quantity of lime and filtering directly into the reservoir, from 
which the solution was to be drawn off for use. In this reservoir 
it was protected from the carbon dioxide of the atmosphere by 
means of tubes of soda-lime. Phenolphthalein was used as in- 
dicator. All titrations were carried out by weighing the solutions. 
The strengths are, therefore, all expressed in parts by weight. 
All weighings here, as well as elsewhere in the course of this 
work, have been reduced to weight in vacuo. ‘The alkali solu- 
tions were standardized by titrating against the standard sul- 
phuric acid solutions. To illustrate the accuracy with which the 
titrations were made, an example is given in Table III with each 
strength of acid used. 
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TABLE III. 


Grams alkali equivalent to 100 grams acid. 





N/t HeSO4. N/2 HeSOj. N/5 HeSOy. N/1o HeSOy. N/20 HeSO,4. N/50 HSOj. 
Sol. No. 8. Sol. No. 11. Sol. No. 4. Sol. No. 15. Sol. No. 18. Sol. No. 26. 











222.33 204.88 139.46 108.80 49.81 50.17 
222.36 204.98 139.53 108.98 49.81 50.24 
222.54 204.90 139.68 108.93 49.83 50.17 
Q22-AE  <saes 139.41 109.01 49.82 50.15 
Mean, 222.41 204.92 139.52 108.93 49.82 50.18 
a.d., 0.065 0.040 0.085 0.065 0.008 0.028 


The average of the average deviation of the individual results 
from the mean is here about 1 part in 2000. This is a greater 
degree of accuracy than could be attained by precipitating the acid 
in these solutions as barium sulphate, and hence the reason for 
analyzing all the portions, where possible, in this manner. The 
portion A, contained traces of cadmium in the experiments with 
the twentieth-normal and fiftieth-normal solutions and in one or 
two other exceptional instances. On precipitating the cadmium, 
however, as cadmium sulphide, not more than a milligram was 
ever found, and this quantity was considered to be too slight to 
affect the titration of this portion. 


IV. CALCULATION OF THE TRANSPORT NUMBERS. 


The quantity of cadmium in the anode portion A was estimated 
from the weight of the silver precipitated in the voltameter. Ex- 
periment showed it to be slightly greater than this, as solution 
began as soon as the electrode was introduced into the acid 
and before the electrolysis was begun. The difference between 
the quantity found and that estimated was small—usually only 
a few milligrams—and since the solutions were weighed only to 
centigrams, the quantity, as estimated, was sufficiently accurate. 

Let W< be the weight of the anode portion, after electrolysis, 
minus the weight of the cadmium dissolved, X the unknown 
weight of the same portion before electrolysis, n the transport 
number of the anion, and s the weight of the silver deposited in 





: M(SO,)'. 
the voltameter. Then, since 7.5. NG 3 is the amount of SO, 
Ag 
Ty : M(SO;) . ...<: : : 
1e€ expression M(2Ag) indicates the ratio of the molecular weight of the SO, 


group to twice the atomic weight of silver. Similar expressions are to be interpreted in 
the same manner. 
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N 
which has migrated to the anode, and (1—7). TAS a is the 


amount of H which has migrated away from it, we have 





2 M(SO) _.,_) , M@H) 
Rae ee Bg 
or . 
. M(HSO,) = MGH) 
W,=X-+ m5. M(2Ag) —S. Misha’ (1) 


The amount of acid a,, which is present in the anode portion, 
after electrolysis, is 
M(H,SO,) 
a,=pX + us. M(2Ag) ” 
in which p is the amount of acid in 1 gram of the solution before 
electrolysis. 
Combining (1) and (2) so as to eliminate X, we obtain the 
value of n from the change in concentration around the anode, 
M(2H) 
ig hr ee 
M(H, M(H,SO,) 
laa ~M(2Ag) 
Making, for the sake of simplicity, 
M(H,SO,) __1 


(2) 











(3) 


M(2Ag) —&’ 
and 
M(2H) 
M(H,SO,) 


2= 5. (= OE: —pl.). (4) 

Likewise, at the cathode, let W. be the weight of the total 
cathode portion after electrolysis and Y its weight before elec- 
trolysis. Then there migrates away from the cathode an amount 
M(SO,) 
M(2Ag) 
of H equal to (1—72).s. Has while an amount of H equal to 
,, M@H. 

M(2Ag) 


+ 4, 


(3) becomes 





of SO, equal to 7.5. , and there migrates to it an amount 


is set free. We therefore have 
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ad M(SO,) 7 M(2H) __ M(2H) 
W - = Y—2. 5S. M(2Ag) — (1 n).S. M(2Ag) Ss. M(2Ag)’ 


or 





,, MGLSO) 
" M(2Ag) ~ 
The amount of acid a, at the cathode, after electrolysis, is 
M(H,SO,) 
~ M(2Ag) * 
By eliminating Y in (5) and (6) we obtain 
pw.—a, 
M(H,SO)). (7) 
(1—f).s. “M(@Ag) 
re Substituting as in (3) this becomes 
40 gly, ee (8) 
1€ I—? Ss 
Equations (4) and (8) have been used for calculating the trans- 
port numbers in the work which follows. The atomic weights 
used were those from the Report of the International Committee 
for 1903. The values of the constants, k and /, are, therefore, 
= 2201, 
] = 0.02055. 


Ww. = Y— (5) 





a, = pY—n.s. (6) 





= 








V. RESULTS OF THE EXPERIMENTS. 


With the smaller apparatus, which was the first one used, six 
experiments were made with each one of the concentrations, 
normal, fifth-normal and tenth-normal, and four with the con- 
centration, twentieth-normal. All these were made at 20°. Three 
of the experiments with normal acid, the first made, have been 
discarded on account of serious experimental errors. The results 
of the others are given in Table IV. The content of the different 

al columns will be evident without much explanation. The symbols 
- in parentheses at the heads of the columns refer to those of the 
nt | formulas of the preceding section. The letters in the fifth column 
indicate the portion of the solution withdrawn after electrolysis, 
as explained at the end of section IJ. Column 10 contains the 
algebraic sum of the numbers opposite A and A,, and C and G, 
respectively, of column g (see foot-note at bottom of table). The 
transport numbers, which have been multiplied by 1000, have been 
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calculated from the numbers of column Io by means of equations 
(4) and (8) of the preceding section. 


TABLE IV. 
Normal sulphuric acid at 20°. 


ber 


; 
° - uv g 
w =| =] 3° ry ~ 
uv =] ons Ss = 
ge 8 & og © 5 3 Og 
o£: ‘sth = re} S - — va 3 
2 s he 9 a = = { Oh = 
f=] 4 nou > at 2 #38 a 
a 8 oo. 8 = 8 EINES 2, 
SC 4 = ie = ° S = 5d ree A 
= & AEN oe = me Oo. ° rT) Fan Qs 
i} Os 2 f=} =: a o to oT] Qs 
go wns £- § GS Se < = stl | 38 
Sc seo 25 £ se oS g 3 Ses a8 
x a mh =e re) vr mS B=} a oT SS 
° pot im = 4 
Hon ea a vy 5 ne} oy 1S) & > 
I £ 48.660 0.7361 A 92.94' 4.5226 4.5841 +0.0615 +0.0593 185.3 


A, 73-49 3.5752 3.5730 —0.0022 
M 67.36 3.2778 3.2785 -+0.0007 
CG, 80.94 3.9386 3.9392 -+0.0006 
C 119.73 5.8262 5.7658 —0.0604 —0.0604* 189.8 


2 2 48.190 0.7411 A 119.83 5.7750 5.8403 +0.0653 +0.0618 191.7 
A, 64.69 3.1176 3.1141 —0.0035 
M 74.72 3.6010 3.6008 —0o.0002 
C, 74.13 3.5725 3.5723 —0.0002 
C 101.94 4.9127 4.8505 —0.0622 —0.0622 194.0 


3. 2 48.190 0.7550 A 104.57 5.0395 5.0995 -+0.0600 +-0.0600 182.7 
A, 71.38 3.4400 3.4408 -0.0008 
M 68.04 3.2790 3.2784 —0.0006 
C, 78.35 3-7759 3-7763 -+0.0004 
C 119.34 5.7512 5.6916 —0.0596 —0.0596 182.4 
1/--Normal sulphuric acid at 20°. 
4 8 9.625 0.8566 A 99.78 0.9603 1.0325 +0.0722 +0.0689 178.5 
A, 64.31 0.6190 0.6157 —0.0033 
M 56.85 0.5472 0.5466 —0o.0006 
CG, 70.02 0.6739 0.6739 0.0000 
C 117.68 1.1326 1.0645 —0.0681 —o.0681 176.9 





5 3 9.625 0.8954 A 98.37 0.9468 1.0209 -+0.0741 +0.0705 174.8 
A, 67.20 0.6468 0.6432 —0.0036 
M 60.18 0.5792 0.5790 —0,.0002 
C, 72.68 0.6995 0.6992 --0.0003 
C 105.44 1.0148 0.9421 -—0.0727 —0.0727 180.4 


6 3 9.625 0.8933 A 102.04 0.9821 1.0578 +0.0757 +0.0709 176.2 
A, 67.33 0.6480 0.6432 —0.0048 
M 64.04 0.6164 0.6168 -+0.0004 
CG, 74.03 0.7125 0.7120 —0,0005 

C 110.30 1.0616 0.9901 —0.07I5 —0.07I5 177.9 

1 The cadmium dissolved has been subtracted from the weight of the portion 4 in 


every case. 

2 Differences not exceeding 0.0009 in the preceding column are not taken into consid- 
eration in calculating the total change, as they are practically within the limit of experi- 
mental error. 








1.5 


0.9 
1.8 


0.4 
6.2 


79 


sid- 
yeri- 





~a Expt. number. 


12 


g Solution number 


wn 


HeSO, per gram 


i 
ae (1000P). 


© Milligrams of 


al 


10.387 


4.885 


4.885 


4.885 


4.887 


4.887 


g & 
cI t = 
s 8 g 
— . - a 
u— ° vies = 
n _ - a 
0.9603 4 106.40 I.IIIQg 
A, 58.97 0.6125 
M 59.93 0.6225 
G 72.68 0.7550 
C 104.84 1.0890 
0.8693 A 109.67 1.1392 
A, 58.32 0.6058 
M 58.12 0.6037 
CG, 70.52 0.7325 
€ 106,77 ¥.1087 
0.7850 A 108.23° 1.1242 
A, 57.78 0.6002 
M 51.78 0.5379 
CG, 67.58 0.7020 
C 119.56 1.2419 
1/9-Normal sulphuric 
0.7584 A 98.40 0.4807 
A, 54.15 0.2645 
M 72.70 0.3551 
C, 72.21 0.3528 
C 119.55 0.5840 
0.7071 A 106.77 0.5216 
A, 60.94 0.2977 
M 69.24 0.3383 
CG, 68.78 0.3360 
C 109.52 0.5350 
0.7162 A 114.61 0.5599 
A, 62.26 0.3041 
M 72.88 0.3560 
C, 68.81 0.3361 
C 102.79 0.5021 
0.6479 A 105.77 0.5169 
A, 60.95 0.2979 
M 57.80 0.2825 
C, 65.48 0.3200 
C 106.59 0.5209 
0.7288 A 109.49 0.5351 
A, 61.48 0.3c05 
M 54.32 0.2655 
C, 64.97 9.3175 
C 106.94 0.5226 
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: s 
E i 

1.1930 0.0811 
0.6095 —0.0030 
0.6218 —0.0007 
0.7543 —0.0007 
I.01I00 —0,0790 
1.2159 -+0.0767 
0.6004 —0.0054 
0.6039 -+0.0002 
0.7319 —0.0006 
1.0379 —0.0708 
I.19i4 -+0.0672 
0.5986 —0.0016 
0.5375 —0.0004 
0.7017 —0.0003 
1.1755 —0.0664 
acid at 20°. 

0.5439 0.0632 
0.2603 —0.0042 
0.3547 —0.0004 
0.3537 +0.0003 
0.5242 —0.0598 
0.5795 -+0.0579 
0.2937 —0.0040 
0.3376 —0.0007 
0.3366 -+0,0006 
0.4807 —-0.0543 
0.6209 +0,0610 
0.3015 —0,0026 
0.3559 —0O.O00I 
0.3362 -+0.0001 
0.4439 —0.0582 
0.5732 +0.0563 
0.2930 —0,0049 
0.2828 -+0,0003 
0.3200 0.0000 
0.4700 —0.0§09 
0.5978 -+0.0627 
0.2956 —0.0049 
0.2650 —0.0005 
0.3168 —0.0007 
0.4646 —0.0580 





© Total change 
(a;—pWa) and 
(ae—fpWe). 


° 
a 

ioe) 

— 


=| 


—0.0790 
+0.0713 


—0.0708 
+0.0656 


—0.0664 


+0.0590 


—0,0598 
+0.0539 


— 0.0543 
+0.0584 


—0,0582 
+0.0514 


—0,0509 
+0,0578 


—0.0580 


co 
8 

2 
= 
~ 
= 
= 
_ 

oe 
- 
8 
a 
na 
=I 
os 
- 


~ 
x 
8 
S) 
— 


_~ 
© 1, 
NX 


183.0 
182.2 


181.1 
185.6 


188.1 


171.9 


174.3 
168.5 


169.8 
180.3 


179.7 
175-3 


173.7 
175.2 


176.0 
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: 2 oe g 5 2 ~ 2 
#2 e; 3 a E ; 
2: . -«@ 6 5 8 S 
8 663 *s 2 2. Sn 8 y 
= 3 228 cs. 2 mw 82 3 2 
fs sx> 22 § BO 288 = 5 
Hoe & a a 8 BS: 3 Oo 
15 6 4.887 0.7033 A 113.03 0.5524 0.6138 -+0.0614 

A, 58.84 0.2875 0.2816 —0,0059 
M 55.36 0.2705 0.2698 —0.0007 
C, 63.36 0.3096 0.3093 —0.0003 
C 104.78 0.5121 0.4565 —0.0556 
1/49-Normal sulphuric acid at 20°. 
16 7 2.3600 0.3646 4 100.44 0.2370 0,2682 -+0,0312 
A, 61.15 0.1443 0.1419 —0,0024 
M 49.90 0.1177 0.1175 —0,0002 
G, 65.77. 0.1552 0.1544 —0.0008 
C 116.19 0.2742 0.2445 —0.0297 
17 7 2.3600 0.3019 A III.57 0.2633 0.2902 +0.0269 
A, 55.45 0.1308 0.1284 —0.0024 
M 69.33 0.1636 0.1633 —0.0003 
CG, 64.69 0.1524 0.1523 —0,O00I 
C 105.63 0.2492 0.2256 —0,0236 
18 7 2.3600 0.3021 A 117.88 0.2782 0.3031 -+0.0249 
A, 48.74 0.1150 0.1140 —0,0010 
M 57.91 0.1366 0.1360 --0.0006 
CG, 56.47 0.1333 0.1327 —0.0006 
C 106.84 0.2521 0.2276 —0,0245 
19 7 2.3600 0.3113 A 105.84 0.2497 0.2755 -+0.0258 
A, 61.43 0.1450 0.1439 —0.OOII 
M 50.18 0.1184 0.1179 —0.0005 
C, 63.75 0.1504 0.1502 —0,0002 
C 106.66 0.2517 0.2268 —0,0249 


wiz., 8°, 20° and 32°. 


Total change 
(a;—pWa) and 
(a2—pWoe). 


+0.0555 


—0.0556 


+0,.0288 


—0,0297 


+-0.0245 


— 0.0236 


+0,0239 


— 0.0245 


+ 0.0247 


— 0.0249 





179.7 


179.0 


172.4 


174.5 


176.4 


The more recent results obtained with the larger apparatus are 
given in Table V. The experiments with tenth-normal, twentieth- 
normal and fiftieth-normal acid were made at three temperatures, 


ding table. 


The results are arranged as in the prece- 











(10007). 


).0 


4 


3.9 


.0 





Expt. number. 


o Solution number. 


nN 
° 


21 8 


a2 9 


23. 9 


24 10 


25 10 


26 II 


TRANSPORT NUMBER OF SULPHURIC ACID. 


H2SO, per gram 


Ww 
a (1000p). 


Milligrams of 


aS 
a 


47.318 


48.766 


48.766 


47.760 


47.760 


25.146 


Silver in voltame- 
ter (s). 


0.5655 


0.7568 


0.7600 


0.6447 


1.2088 


1.3778 


0.7617 


TABLE V. 


Normal sulphuric acid 


. 2 
es 
A 206.76 
A, 90.27 
M 100.95 
CG, 84.82 
C 187.04 
A 211.34 
A, 94.94 
M 68.93 
G, 98.52 
C 184.62 
A 207.47 
A, 93-71 
M 108.19 
CG 97-98 
C 185.52 
A 215.07 
A, 90.96 
M 94.97 
CG, 88.72 
C 190.04 
A 221.75 
A, 91.49 
M 75.01 
CG, 92.90 
C 208.97 
A 203.33 
A, 98.80 
M 68.82 
C, 94.15 
C 205.12 


- 


A 212.67 
A, 91.97 
M 83.07 
C, 100.80 
C 172.44 


(pW). 


Final content (a) 


Initial content 


9.8360 
4.2675 
4.7763 
4.0135 
8.8014 


9.7835 
4.2713 
4.7767 
4.0135 
8.8502 
10.0000 10.0616 
4.4923 4.4903 
3.2616 3.2610 
4.6617 4.6625 
8.7356 8.6758 
10.1170 10.1810 
4.5698 4.5668 
5.2760 5.2765 
4.7780 4.7782 
9.0470 8.9854 
10.4880 10.5450 
4.4357 4.4341 
4.6313 4.6316 
4.3264 4.3268 
9.2672 9.2132 
10.5910 10.6820 
4.3695 4.3750 
3.5824 3.5820 
4.4369 4.4373 
9.9805 9.8852 
9.7110 9.8134 
4.7187 4.7252 
3.2868 3.2863 
4.4965 4.4965 
9.6052 9.4968 


5-3479 5.4160 
2.3128 2.3083 
2.0889 2.0882 
2.5347 2.5350 
4.3362 4.2736 


at 20°. 


Change (a—pwW). 


+0.0525 
—0.0038 
—0.0004 
0.0000 
—o.0488 
+0.0616 
—0.0020 
—0o.0006 
+o.0008! 
—0.0598 
+0.0640 
—0,0030 
+0,0005 
+0.0002 
—0o,.0616 
+0.0570 
—0.0016 
+0.0003 
+-0,0004 
—0.0540 
+0.0910 
-t-0.0055 
—0.0004 
0.0004 
—0.0953 
+0.1024 
+0.0065 
—0.0005 
0.0000 
—0.1084 


/,-Normal sulphuric acid at 20°. 


+0.0681 
—0.0045 
—0.0007 
+0.0003 
-—0.0626 


(a\—pWa) and 
(@g—pWo). 


Transport number 
(10007). 


Total change 


Ne} 
~ 
ro) 


-+0,0487 


—o.0488 199.4 


+0.0596 180.9 


182.5 
184.4 


—o0.0598 


+0.06:0 


—o.0616 
0.0554 


187.2 
197.4 


—0.0540 193.5 


+0.0965 183.4 


182.1 
181.6 


—0.0953 
+o.1089 


—o.1084 181.8 


+0.0636 188.0 


—0.0626 185.5 


! Differences in column 9g not exceeding 0.0009 with normal and !/.-normal acid and 
not exceeding 0.0005 with !/10-, !/20-, and 1/s59-normal acid have been neglected in calcula- 
ting the numbers of column Io. 





O. F. TOWER. 


] 
ie) 
mn 
NS 





4 per gram 


(W). 
(a,;—pWa) and 
(ao—pWo). 
(10007). 


H.SO 
ter (s). 


Solution number. 
Weight of portion 
Initial content 
Final content (a). 
Transport number 


Milligrams of 
*, Silver in voltame- 


© Total change 


4 
Sy 
fo.) 
~ 
Lal 

\o 

Ge 
fon) 


204.91 5.1526 5.2287 -+0.0661 
98.75 2.4832 2.4836 -+0.0004 
105.45 2.6517 2.6523 +0.0006 
100.90 2.5372 2.5369 —0.0003 
188.84 4.7486 4.6831 —0.0655 
197-77 4.9731 5.0408 -+0.0677 
96.93 2.4374 2.4390 +0.0016 
99-43 2.5003 2.4997 —0.0006 
QI.52 2.3014 2.3014 0.0000 
175-90 4.4232 4.3542 —0.0690 
175.24 4.4066 4.4678 +0.0612 
96.85 2.4354 2.4355 -+0.0001 
112.18 2.8184 2.8176 —-0.0008 
101.56 2.5538 2.5546 -+0.0008 
195.05 4.9048 4.8428 —0.0620 —0.0620 
213.95 5.0394 5.1516 +0.1122 +0,1062 
A, 93.38 2.1995 2.1935 —0.0060 

M 69.60 1.6394 1.6390 —0.0004 

CG, 90.81 2.1390 2.1385 —0.0005 

C 208.70 4.9158 4.8110 —o.1048 

A 216.99 5.1110 5.2058 -+0.0948 

A, 91.18 2.1477 2.1467 —0.00I0 

M 66.40 1.5640 1.5638 —0.0002 

C, 92.05 2.1682 2.1683 0.0001 

C 206.02 4.8527 4.7585 —0.0942 
1/,)-Normal sulphuric acid at 8°. 


0.8048 A 210.17 1.0544 1.1216 +0,0672 
A, 90.53 9.4542 0.4453 —0.0089 
M 83.39 0.4183 0.4177 —0.0006 
C, 89.37 0.4483 0.4478 —0.0005 
C 203.44 1.0206 0.9617 —0.0589 
0.7415 A 206.23 1.0346 1.0978 -+0.0632 
A, 89.40 0.4485 0.4418 —0.0067 
M 73.61 0.3693 0.3688 —0.0005 
CG, 90.86 0.4558 0.4559 +0.0001 
C 197.62 0.9914 0.9371 —0.0543 —0.0543 
0.6925 A 198.82 0.9974 1.0516 -+0.0542 +0.0514 
A, 94.51 0.4741 0.4713 —0.0028 
M 83.07 0.4167 0.4166 —0,.0001 
CG, 93.80 0.4706 0.4701 --0,0005 
C 194.71 0.9768 0.9264 —0.0504 


Kod Expt. number. 
a 
~ 

AS Ay Portion. 


S 
<9 


ae Os 


25.146 


S23 


AOR OD 


nN 





(1000n). 


a 


~I 





Expt. number. 


Ww 
on 


37 


38 


39 


40 


41 


42 


w Solution number. 


— 


ce 


14 


14 


14 


15 


15 


TRANSPORT NUMBER OF SULPHURIC ACID. 





Milligrams of 


on 
° 
i 
fea) 

“NI 


5.0167 


4.9396 


4.9396 


4.9396 


4.9396 


4.9274 


4.9274 


ter (s). 
Weight of portion 


@ Silver in voltame- 


(e) 


\o 
_ 
[ony 

nN ms Portion 
nN 

“SIR 

Oo Co 

rs we (W) 
nN 


M 94.31 
CG, 88.87 
C 196.93 
0.6154 A 195.57 
A, 85.47 
M 66.17 
C, 94.63 
C 186.02 
0.6837. A 210.97 
A, 82.36 
M 73.30 
CG, 95-45 
C 190.09 


1/,9-Normal sulphuric acid at 


0.6855 4 209.26 
A, 89.29 
M 72.44 
C, 88.04 
C 201.81 
A 217.31 
A, 87.61 
M 71.93 
C, 93-75 
C 200.46 
0.7275 A 215.31 
A, 91.43 
M 74.82 
C, 89:32 
C 198.21 
0.7009 A 212.71 
A, 88.50 
M 83.95 
CG, 87.60 
C 203.99 
0.7079 A 213.75 
A, 89.97 
M 68.75 
CG 84.92 
C 205.81 


0.7247 


(pW). 


Initial content 


T.0953 
0.4010 
0.4731 
0.4458 
0.9880 
0.9811 
0.4288 
0.3320 
0.4747 
0.9332 
1.0421 
0.4068 
0.3621 
0.4715 
0.9390 


1.0337 
0.4410 
0.3578 
0.4349 
0.9969 
1.0734 
0.4328 
0.3553 
0.4631 
0.9902 
1.0635 
0.4516 
0.3696 
0.4412 
0.9791 
1.0481 
0.4361 
0.4137 
0.4316 
1.0051 
1.0532 
0.4433 
0.3388 
0.4184 
I.O14I 


Final content (a). 


1.1520 
0.3969 
0.4737 
0.4461 
0.9360 
1.0321 
0.4248 
0.3319 
0.4742 
0.8864 
1.0948 
0.4040 
0.3618 
0.4711 
0.8888 


1.0937 
0.4359 
0.3577 
0.4346 
0.9421 
1.1367 
0.4277 
0.3551 
0.4627 
0.9319 
1.1269 
0.4462 
0.3692 
0.4409 
0.9219 
I. 1099 
0.4306 
0.4137 
0.4317 
0.9490 
1.1156 
0.4377 
0.3385 
0.4185 
0.9575 


Change (a—pW). 


+0.0567 
—0O,004I 
+0.0006 
-+0,0003 
—0.0520 
+0.0510 
—0.0040 
—0.000I 
—0.0005 
—o.0468 
+0.0527 
—0.0028 
—0.0003 
—0.0004 
—0.0502 
20°, 
+0.0600 
—0,.005I 
—0.O0001 
—0.0003 
—0.0548 
+0.0633 
—0,0051 
—0,0002 
—0.0004 
—0.0583 
+0,0634 
—0.0054 
—0.0004 
—0,0003 
—0.0572 
+0,.0618 
—-0.0055 
0.0000 
-+-0,0001 
—0.0561 
-+0.0624 
—0.0056 
—0,.0003 
+0.000I 
—0.0566 


(a,;—fWa) and 


rotal change 
(do—pWe). 


+0,.0526 


—0.0520 


-++-0.0470 


—o.0468 
+0.0499 


—0.0502 


+0.0549 


—0.0548 
+-0.0582 


—0.0583 
+0.0580 


—0.0572 
+0,0563 


—0.0561 
+0.0568 


—0,.0566 


1053 


Transport number 
(10007). 


a 
9% 
mt 


I 


166.3 
168.8 


168.2 
161.3 


162.4 


177.0 


176.8 
177-5 


177-9 
176.2 


173.9 
177.6 


177.0 
177.4 


176.9 





O. F. TOWER. 


Led 
° 
wn 
p> 


H.SO, per gram 
(1000f). 

eight of portion 
(pW). 

(a;—pWa) and 
(@o—pWoe). 


ter (s). 


Milligrams of 
Silver in voltame- 
Initial content 
Final content (a). 
Change (a—pW). 
Total change 
Transport number 


Ww 


«cm Solution number. 


2 Expt. number. 


0.7021 A 213.56 1.0523 1.1139 +0.0616 +0.0553 
A, 90.19 0.4444 0.4381 —0.0063 
M 63.64 0.3136 0.3133 —0.0003 
C, 90.49 0.4459 0.4458 —0.0001 
C 201.40 0.9924 0.9370 —0.0554 —0.0554 
19-Normal sulphuric acid at 32°. 
4.9274 0.6215 A 208.95 1.0296 1.0898 -+0.0602 +0.0540 
A, 87.21 0.4297 0.4835 —0.0062 
M 64.54 0.3180 0.3175 —0.0005 
C, 90.78 0.4473 0.4469 —0.0004 
C 197.22 0.9718 0.9179 —0.0539 —0.0539 
4.9920° 0.6110 A 210.53 1.0510 1.1095 +0.0585 +0.0532 
A, 91.48 0.4567 0.4514 —0.0053 
M 69.98 0.3493 0.3490 —0.0003 
C, 90.15 0.4500 0.4501 -+0.0001 
C 201.34 1.0051 0.9521 —0.0530 
0.6545 A 189.70 0.9470 1.0086 -+0.0616 
A, 91.64 0.4575 0.4525 —0.0050 
M 59.78 0.2984 0.2984 0.0000 
CG, 91.21 0.4553 0.4549 —0.0005 
C 218.88 1.0927 1.0358 —0.0569 
0.6504 A 220.63 1.1168 1.1793 +0.0625 
A, 85.56 0.4331 0.4273 —0.0058 
M 63.55 0.3217 0.3214 —0.0003 
C, 88.88 0.4499 0.4497 —-0.0002 
C 205.86 1.0420 0.9856 —0.0564 —0.0564 
0.6294 A 203.53 1.0302 1.0903 +0.0601 +0.0544 
A, 94.08 0.4762 0.4705 —0.0057 
M 67.36 0.3410 0.3405 —0.0005 
C, 88.75 0.4492 0.4489 —0.0003 
C 205.53 1.0404 0.9861 —0.0543 —0.0543 
0.6182 A 203.11 1.0281 1.0858 -+0.0577 +0.0535 
A, 90.08 0.4560 0.4518 —0.0042 
M 61.58 0.3117 0.3116 --0.0001 
C, 91.00 0.4606 0.4604 —0.0002 
C 201.78 1.0214 0.9682 —0.0532 —0.0532 


I 
> 
‘oO 
nN 
NI 
te 
“I 
a 
~ 


'/y9- Normal sulphuric acid at 8°. 
0.4342 A 196.26 0.5025 0.5364 +0.0339 +0.0323 
A, 104.25 0.2669 0.2653 —0.0016 
M 78.55 0.2011 0.2007 —0.0004 
C, 96.84 0.2480 0.2478 —0.0002 
C 186.73 0.4781 0.4456 —0.0325 








ARR SEREEELIIO 


1.7 
2.5 


1.9 
[.2 


2.3 
2.7 


8 


1.8 








pt. number. 


On Kx 


52 


53 


in 
on 


56 


57 


58 


© Solution number. 


] 


18 


19 


19 


19 


18 


19 


TRANSPORT NUMBER OF SULPHURIC ACID. 


HoSv,4 per gram 


(1000/). 


Milligrams of 


i) 
un 
foal 
oO 
ON 


2.5606 


2.5826 


2.5826 


2.5826 


2.5606 


2.2506 


2.5826 


eight of portion 


(W). 


silver in voltame- 


ter (s) 
-ortion. 


WwW 


328 A 193.17 
A, 95.88 

M 87.43 

CG, 100.74 

C 185.80 
0.4442 A 216.12 
A, 95.13 

M 70.23 

C, 98.55 

C 191.69 
0.4328 A 194.66 
A, 96.40 

M 78.66 

CG, 104.31 

C 180.85 
0.4390 A 209.24 
A, 90.67 

M 72.82 

C, 101.23 

C 188.34 
0.4440 A 191.26 
A, 103.81 
M 86.80 
C, 106.09 
C 183.75 


oO. 


> 


(pW). 


Final content (a). 


Initial content 
Change (a—pW). 


0.4946 0.5285 -+:0.0339 
0.2455 0.2439 —0.0016 
0.2239 0.2234 —0.0005 
0.2580 0.2579 —0.000I 
0.4758 0.4438 —0.0320 
0.5534 0.5877 +-0.0343 
0.2436 0.2422 —0O.00I14 
0.1798 0.1799 -+0.0001 
0.2523 0.2524 +0.0001 
0.4908 0.4578 —0.0330 
0.5027 0.5373 -+0.0346 
0.2490 0.2464 --0.0026 
0.203I 0.2028 —0.0003 
0.2694 0.2693 —0.O00I 
0.4671 0.4350 —0.032I 
O.541I 0.5753 +0.0342 
0.2342 0.2325 —0O.OOI7 
0.1881 0.1878 —0.0003 
0.2614 0.2612 —0.0002 
0.4864 0.4541 —0.0323 
0.4939 9.5298 +0.0359 
0.268: 0.2653 —0.0028 
0.2242 0.2244 -+0.0002 
0.2740 0.2736 —0.0004 
0.4745 0.4411 —0.0334 


1/49-Normal sulphuric acid at 20°. 


0.5759 A 205.68 


A, 83.09 
M 93-79 
CG, 91.26 
C 181.95 
0.6157. A 217.64 
A, 79.83 
M 87.94 
CG, 85.80 
C 186.00 
0.4963 A 192.46 
A, 99.16 
M 83.03 
CG, 107.34 


C 179.89 





0.5267 0.5790 -+0.0523 
0.2128 0.2074 —0.0054 
0.2402 0.2399 —0.0003 
0.2337 0.2332 —0.0005 


0.4659 0.4192 —0.0467 
0.5583 0.6139 +0.0556 
0.2044 0.1988 —0o,0056 
0.2252 0.2255 0.0003 
0.2197 0.2193 —90.0004 
0.4763 0.4267 —0.0496 
0.4971 0.5395 10.0424 
0.2561 0.2538 —0,0023 
0.2144 0.2141 —0.0003 
0.2772 0.2770 —0,.0002 


0.4646 0.4241 —0.0405 


(a;—fWa) and 


°o 
 (as—sWo). 
Ww 


© Total change 


+ 


~-0.0320 
+0.0329 


—0.0330 
+0.0320 


—0,.032I 
+0,.0325 


—0.0323 
+0.0331 


—0.0334 


+-0.0469 


— 0.0467 


+-0,0500 


—0,0496 


+0,.0401 


—0.0405 





_ 
e) 
on 
on 


Transport number 
(1000”). 


i) 
fon) 

_ 
N 


163.1 
163.4 


163.9 
163.1 


163.7 
163.3 


162.3 
164.4 


166.0 


179.6 


178.9 
179.1 


177-7 
178.2 


180.1 





O. F. TOWER. 


ol 
° 

on 
OV 


4 per gram 


(1000p). 
(a,;—p Wa) and 


(W). 
(pW). 

tal change 
(a.—p Wo). 
(10007). 


Silver in voltame- 


Cer (Ss), 
Final content (a). 


Milligrams of 
H.SO. 
Weight of portion 
Initial content 
Change (a—pW). 
© To 
‘Transport number 


{- 
ne 
+ 
~~ 


.o Solution number. 


wn 
ir Expt. number. 
dX Portion. 


193.16 0.4989 0.5401 +0.0412 
, 103.88 0.2683 0.2649 —0.0034 
M 66.12 0.1708 0.1709 +0,0001 
C, 101.58 0.2623 0.2623 0.0000 
C 180.56 0.4664 0.4284 —0.0380 —o,0380 
2.5826 0.4585 A 213.24 0.5507 0.5905 +0.0398 +0.0372 
A, 89.25 0.2305 0.2276 —0,0026 
M 63.32 0.1635 0.1633 —0.0002 
CG, 101.12 0.2612 0.2613 +0.0001 
C 197.12 0.5091 0.4716 --0.0375 —0.0375 180.5 
0.2882 A 194.49 0.4734 0.4965 +0.0231 +0,0231 176.8 
A, 95.32 0.2320 0.2317 —0.0003 
M 64.68 0.1574 0.1575 -+0.0001 
CG, 89.56 0.2180 0.2178 —0o,0002 
C 192.49 0.4685 0.4449 —0.0236 
1/,9-Normal sulphuric acid at 32°. 
0.5068 A 215.58 0.5305 0.5794 +0.0489 
A, 84.54 0.2080 0.2035 —0.0045 
M 55.47 0.1365 0.1361 —0.0004 
C, 88.32 0.2173 0.2169 -—0.0004 
C 202.67 0.4987 0.4547 —0.0440 
0.5441 A 210.72 0.5185 0.5718 +0.0533 
A, 87.04 0.2142 0.2082 —0,0060 
M 61.21 0.1506 0.1503 —0.0003 
C, 87.06 0.2142 0.2142 0.0000 
C 198.35 0.4881 0.4412 —0.0469 —0.0469 
0.5165 A 213.09 0.5244 0.5728 -+0.0484 +0.0445 
A, 87.60 0.2156 0.2117 —0.0039 
M 57.61 0.1418 0.1417 —O.OOOI 
C, 88.26 0.2172 0.2169 —0.0003 
C 204.49 0.5032 0.4584 —0.0448 —o.0448 
0.5301 A 202.33 0.4979 0.5496 +0.0517 +0.0459 
A, 88.21 0.2171 0.2113 —0.0058 
M 76.46 0.1881 0.1879 —0.0002 
CG, 90.45 0.2226 0.2223 —0.0003 
C 196.88 0.4845 0.4386 —0.0459 —0.0459 
0.4771 A 211.82 0.5212 0.5655 -+0.0443 -+0.0414 
A, 88.01 0.2166 0.2137 —0.0029 
M 58.09 0.1429 0.1427 —0.0002 
C, 89.14 0.2194 0.2189 —0.0005 
C 197.49 0.4860 0.4450 —0.0410 


v 
n 
io) 
nN 
an 
fe) 
p Si 


-4790 


ES 





‘ 
E ‘ 
1.1 67 
5.0 
).0 
68 
5 
1.8 
69 
7 
2 70 
6 
8 71 
2 
(o) 72 
4 
0 73 
I 
4 
74 
5 





Solution number. 


N 
m 


22 


22 


23 


23 


24 


24 


22 


H2SO, per gram 


Milligrams of 
(1000f). 


2.4340 


1.0337 


1.0337 


1.0218 


1.0218 


1.0218 


1.0732 


1.0337 


é g 
Ee = 
3 a 
og 2. 
fs £ 3 
a a B 
0.5109 A 216.44 
A, 89.21 
M 67.09 
C, 89.31 
C 194.82 


1/59-Normal 
0.2178 A 195.08 
A, 99.96 
M 47.66 
€, 105.43 
C 185.03 
A 230.21 
A, 74.07 
M 79.31 
C, 88.57 
C 202.28 
A 203.49 
A, 91.76 
M 85.44 
C, 99.69 
C 179.48 
A 189.27 
A, 93-50 
M 92.03 
CG, 96.70 
C 183.50 
A 204.91 
A, 91.83 
M 63.47 
C, 90.09 
C 201.35 
A 204.27 
A, 95.88 
M 75.28 
CG, 89.82 
C 204.00 


0.2060 


0.2067 


0.2112 


0.2022 


0.2050 


'/so-Normal sulphuric acid at 


0.2330 A 192.61 
A, 105.38 
M 64.52 
G, 104.28 
C 173.80 





(pW). 


Initial content 


0.5268 
0.2171 
0.1633 
0.2174 
0.4742 
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sulphuric acid at 8°. 


0.2016 
0.1033 
0.0493 
0.1089 
0.1913 
0.2380 
0.0766 
0.0820 
0.0916 
0.2091 
0.2079 
0.0938 
0.0873 
0.1019 
0.1834 


0.1934 
0.0955 
0.0940 
0.0988 
0.1875 
0.2094 
0.0938 
0.0649 
0.0921 
0.2057 
0.2192 
0.1029 
0.0808 
0.0964 
0.2189 


0.1991 
0.1089 
0.0667 
0.1078 


0.1797 


5 t 

c 8 

s 5 
0.5752 +0.0484 
0.2134 —0,0037 
0.1636 -+-0.0003 
0.2169 —0.0005 
0.4294 —0.0448 
0.2202 +0.0186 
0.1012 —0,.002I 
0.0491 —0,0002 
0.1087 —0.0002 
0.1748 —0.0165 
0.2555 +0.0175 
0.075I —0.O0OI5 
0.0818 —0,0002 
0.0912 —0.0004 
0.1934 —O.0I57 
0.2261 -+0.0182 
0.0915 —0.0023 
0.0870 —0.0003 
0.1016 —0.0003 
0.1676 —0o.0158 
0.2113 +0.0179 
0.0938 —0.0017 
0.0942 -+0.0002 
0.0986 —0.0002 
0.1714 —O.OI161 
0.262 +0.0168 
0.0925 -—0.0013 
0.0645 —0.0004 
0.0922 -+0.000I 
0.1903 —0.0I154 
0.2365 +0.0173 
O0.I0I2 —0O.0017 
0.0805 —0,0003 
0.0962 —0,.0002 
0.2032 —O.OI57 

20°. 

0.2202 +0.02I1 
0.1068 —0.002I 
0.0666 —0.000I 
0.1077 —0.O00I 
0.1605 —0.0192 


(a;—p Wa) and 


otal change 
(aea—pWoe). 


oT 


++0.0447 


—o.0448 


+0.0165 


—0.0165 


+ 0.0160 


—0.0157 
+0.0159 


—0.0158 
+0.0162 


—-0.0161 
+0.0155 


—0O.0154 
+0.0156 


—0.0157 


+0.0190 


—0.0192 
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193-5 


166.9 


166.9 
¥7E1 


167.9 
169.1 


168.0 
169.0 


168.0 
168.9 


167.8 
167.7 


168.7 


179-7 


181.5 
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al 
° 

on 
co 


umber 


H.SO,4 per gram 
(a,;—pWa) and 
(@o—pWe). 


(1000p). 
ilver in voltame- 


Weight of portion 
Initial content 
Final content (a) 
Change (a—pwW). 


ter (s) 
ortion. 


Ss 
© Total change 


Miligrams of 
© ‘Transport mi 


® Solution number. 
+ 


~ H 
oO) Expt. number. 


° 

5 
I 

o 


0.2158 A 204.98 0.2119 0.2315 +0.0196 
A, 92.29 0.0954 0.0936 —0o.0018 
MI 82.04 0.0848 0.0845 —-0.0003 
C, 94.16 0.0973 0.0970 —0.0003 
C 198.79 0.2055 0.1878 —0.0177 -—0.0177 
1.0218 0.2408 A 198.29 0.2026 0.2252 +0.0226 +0.0201 
A, 93.30 0.0953 0.0928 -—0.0025 
M 72.07 0.0736 0.0737 -+0.0001 
CG, 97-43 0.0996 0.0995 —0.000I1 
C 193.80 0.1980 0,1782 —0o,0198 —o.0198 
1.0218 0.2312 A 201.68 0.2061 0.2281 -+0,0220 +0.0I19gI 
A, 92.27 0.0943 0.0914 —0,0029 
M 78.03 0.0797 0.0797 0,0000 
CG, 94.35 0.0964 0.0964 0,0000 
C 190.70 0.1949 0.1758 —0.OIQI 
0.2514 A 218.09 0.2341 0.2573 +0.0232 
A, 82.79 0.0889 0.0863 —0.0026 
M 67.68 0.0726 0.0722 --0.0004 
C, 89.82 0.0964 0.0962 —0,0002 
C 202.45 0.2173 0.1967 —0.0206 —0,0206 
0.2445 A 217.95 0.2339 0.2567 +0.0228 +0.0196 
A, 82.73 0.0888 0.0856 —0.0032 
M 71.19 0.0764 0.0765 -+0.000r1 
C, 86.66 0.0930 0.0927 —0.0003 
C 201.47 0.2162 0.1961 —-0,0201 —0,020I 
'/59-Normal sulphuric acid at 32°. 
0.2636 A 217.93 0.2168 0.2424 -+0.0256 +0.0228 
A, 88.15 0.0877 0.0849 --0.0028 
M 62.47 0.0621 0.0622 -+0,0001 
CG, 87.73 0.0873 0.0870 —-0,0003 
C 196.87 0.1959 0.1730 —0,0229 —0.0229 
0.2714. A 208.64 0.2076 0.2351 +0.0275 +0,0238 
A, 88.74 0.0883 0.0846 —0.0037 
M 74.69 0.0743 0.0746 +0,0003 
C, 86.63 0.0862 0.0860 —o,0002 
C 200,13 0.199I 0.1755 —0.0236 
0.2262 0.2262 A 210.60 0.2095 0.2312 -+0.,0217 
A, 87.12 0.0867 0.0850 —0.0017 
M 69.63 0.0693 0.0688 —0,0005 
CG, 83.98 0.0835 0.0838 -+0.0003 
C 208.05 0.2070 0.1874 —0.0196 


iS) 
~ 
° 
oa 
Ge 
N 








(80.7 
83.9 


81.0 
82.0 


32.0 


80.5 


ye 
0. 5 
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e ' a ae e 
ro = = 2 8 a = 8 
w 2 wa 80 g 5 = » z Ee | 
y § oO, 2 a a ra — vs 3 
e © oe > ts 3 2 l wed 8 
2 ss - : me 3 5 ~ ZB 5a 
s $ Lo al r= oa nf o y saa ze 
32 22 cs. 2 SS 2 ~ be sll = 28 
a 3 >o = se =s § g Ses gs 
x 5 == S a— = s wo fen 
f D a = cad Y ™ 7 
83 25 0.2262 0.2353 A 206.72 0.2056 0.2293 -+0.0237 +0.0203 190.1 
A, 87.19 0.0867 0.0833 —0.0034 
M 55.73 9.0554 0.0552 —0.0002 
C, 81.19 0.0808 0.0805 —0.0003 
C 204.50 0.2034 0.1829 —0.0205 —0,0205 I9I.9 


84 26 1.0132 0.2434 A 212.52 0.2153 0.2401 +0.0248 +0,02II 191.0 
A, 85.64 0.0868 0.0831 —0.0037 
MT 65.55 0.0664 0.0660 —0o.0004 
CG, 88.50 0.0897 0.0896 —0o.0001 
C 203.23 0.2059 0.1851 —0.0208 —o,0208 188.3 


85 26 1.0132 0.2455 A 208.33 0.2111 0.2366 +0.0255 +0.0214 192.0 

A, 88.54 0.0897 0.0856 —0o.0041 

M 61.66 0.0625 0.0623 -—0.0002 

C, 85.66 0.0868 0.0866 —0o.0002 
C 204.33 0.2070 0.1860 —0.021I0 —o.0210 188.5 
In general, it may be said that the current was passed from 
two and a half to three hours in all the experiments at 8° and at 
20°, while in those at 32° the time was somewhat less than this 
on account of the more rapid electrolytic action. In experiment 
61, however, the current was passed only one and three-fourth 
hours. In experiments 24 and 25, and 30 and 31 a current was 
used of about twice the strength of that employed in the other 
experiments at the same concentrations. It will be observed that 
no experiments were made at other than 20° with acid of the 

concentrations, normal, half-normal and fifth-normal. 

If the numbers in column 7 represented the exact initial con- 
‘ : a,—pW. 
tent of the different portions, the factors aaa Gai Rk of formula 


— 
(4) and pw y of formula (8), would at once give the 


value of the transport number. But the numbers of column 7 
are calculated from those of column 6, and in this column the 
weight of the respective portions, after electrolvsis, is given, which 
is manifestly different from the weight of these portions before 
electrolysis. Hence the need of the other factors in formulas (4) 
and (8), which are to be looked upon as corrections applied on 
account of our ignorance of the true weight of the several portions 
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prior to electrolysis. These corrections are the subtraction of // in 
formula (4) and then multiplying by the factor = in both 
formulas. These corrections become smaller as the concentration 


becomes less. With fiftieth-normal sulphuric acid f/ has become 
so small that it has no appreciable effect on the value of the trans- 


I : ‘ 
port number. The factor oe at this concentration affects the 


transport number by I or 2 units in the first decimal place, and has 
not, therefore, been neglected in the calculation. 

A summary of the transport numbers is given in Table VI. 
Both the actual and the percentage average deviation of the in- 
dividual numbers from the mean are shown. 


TABLE VI. 
Normal H,SO,, 20°. N/2 H,SO,, 20°. N/5 H,SQ,, 20° (S.A.).! 

Anode. Cathode. Anode. Cathode. Anode. Cathode. 
185.3} 189.8! 188.0 185.5 178.5 176.9 
191.7! 194.0! 193.6 192.4 174.8 180.4 
182.7} 182.4! 182.3 182.0 176.2 177.9 
197.8 199.4 IgI. 194.4 180.7 183.0 
180.9 182.5 185. 183.5 182.2 181.1 
184.4 187.2 181. 182.9 185.6 
197.4 193-5 
183.4 182.1 
181.6 181.8 

Mean, 187.2 188.1 

Mean of both, 187.7 


a.d., 5.45 4.2 


Percentage a.d., 2.9 2.2 
N/10o H,SO,, N/1o H,SO,, N/1o H,SO,, N/1o H,SOQ,, 
Se. 20° (S:A:).* 20°. 22°. 
Anode. Cathode. Anode. Cathode. Anode. Cathode. Anode. Cathode. 
160.2 161.9 171.9 174.3 177.0 176.8 192.2  I91.7 
168.4 162.0 168.5 169.8 177-5 177-9 192.5 191.9 
164.1 161.0 180.3 179.7 176:2 §73:9 I91:2 192.3 
168.1 166.3 175-3 9347 177.6 177.0 192.7 191.8 
168.8 168,2 175.2 176.0 177.4 176.9 191.1 190.8 
161.3 162.4 174.5 174.9 174.1 174.5 I91.3 190.4 


Mean, 165.2 163.6 174.3 174.7 176.6 176.2 191.8 191.5 
Me’nofb’th, 164.4 174.5 176.4 191.7 


a.d., 3.0 2.4 1.2 0.6 


P’re’t’ge, a.d., 1.8 1.4 0.6 0.3 
1 This indicates the numbers obtained with the smaller apparatus. They are taken 
from Table IV. 
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TABLE VI—( Continued). 


N/20 H,SO,, N/20 H,SO,, N/20 H,SO,, N/20 H,SO,, 
3°. 20° (S.A) 20°. 32°; 

Anode. Cathode. Anode. Cathode. Anode. Cathode. Anode. Cathode. 

164.1 165.2 174.2 179.7 179.6 178.9 193.2 191.6 

164.2 163.1 179.0 172.4 I7Q.E 177:7 168.8 190.2 

163.9 174.5 178.8 178.2 180.1 190.0  I91.4 

163.7 175.0 176.4 174. 175.0! I91.0 IgI1.1 

162.3 179.0 180.5 I91.4 190.5 

166.0 ; 180.7. 193.0 193.5 


Mean, 164.0 ; : A 179.6 191.7  I91.4 
Me’nofb’th, 163.7 . 191.6 


ad; 0.7 22 ; 0.9 


P’rc’t’ge, a.d., 0.4 Es i 0.5 


N/50 H,SQ,, 8°. N/50 H,SQ,, 20°. N/50 H,SO,, 32°. 
Anode. Cathode. Anode. Cathode. Anode. Cathode. 
166.9 166.9 179.7 181.5 190.6 191.4 
EZESY 167.9 181.7 180.7 193.2 191.6 
169.1 168.0 183.9 181.0 194.8 190.9 
169.0 168.0 182.0 182.0 190.1 191.9 
168.9 167.8 180.5 180.5 I9I.0 188.3 
167.7 168.7 176.6 181.1 192.0 188.5 


Mean, 168.8 167.9 180.7 181.1 192.0 190.4 
Mean of both, 168.1 180.9 


ad., 0.8 FI 13 


Percentage, a.d., 0.5 0.6 0.7 


The results obtained with normal sulphuric acid, both in the 
smaller apparatus and in the larger one, have been averaged to- 
gether. The average deviation from the mean is considerable in 
either case, and there is no reason for assuming one set any more 
trustworthy than the other. With the more dilute solutions, viz., 
tenth- and twentieth-normal, the case is somewhat different, for 
the average deviation from the mean of the numbers obtained with 
the smaller apparatus is more than twice as great as that of those 
obtained with the larger apparatus. 

Neglecting the results obtained with the smaller apparatus with 
the concentrations tenth- and twentieth-normal, the accuracy seems 
to increase as the concentration decreases to twentieth-normal, and 


1 Omitted in calculating the mean, as the deviation of these from the mean is more 
than twice that of any of the other numbers. 
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then become less at fiftieth-normal. This was to be expected 
under the existing conditions for the following reasons: At the 
higher concentrations the change in concentration of the anode 
and cathode portions is small, compared with the total amount 
of acid in these portions, and the analytical errors have, therefore, 
a relatively large effect on the value of the transport number. 
This source of error becomes less with increasing dilution. How- 
ever, when the concentration becomes small, fiftieth-normal for 
instance, disturbances caused by manipulation of the solution and 
by the flow of the current, begin to make themselves apparent and 
consequently decrease the accuracy of the experiment. 

Table VII gives a list of the transport numbers for the different 
concentrations and temperatures, which, according to these ex- 
periments, seem to be the most trustworthy. 

TABLE VII. 
Concentration. Temp. 8°. 20°. 
Normal eeee 187.7 
1/,-Normal Smad 186.9 


1/,-Normal Sains 180.5 . 
1/9-Normal 164.4 176.4 IgI 


-7 
1/4)-Normal 163.7 179.1 191.6 
1/,,-Normal 168.1 180.9 191.2 


The complete set of numbers at 20° seems to show that the 
transport number first decreases with the concentration and then 
increases. Most of this increase lies between the concentrations 
tenth- and twentieth-normal. There is no such increase noticed 
between the same concentrations at 8° and 32°, although there is 
an increase shown at 8° at the next concentration, viz., fiftieth- 
normal. It, therefore, seems probable that the number 176.4 is 
for some unaccountable reason too low. On the whole, the trans- 
port numbers found at the different temperatures with the three 
most dilute solutions are sufficiently constant to indicate the ex- 
istence of no HSO, ions beyond the concentration tenth-normal, 
or to indicate that some compensation has taken place in the disso- 
ciation of ions, possibly even more complex than HSQO,. 

Since the number 176.4, found at 20° with tenth-normal acid, 
is as trustworthy experimentally as the numbers found with twen- 
tieth- and fiftieth-normal acid, the average of all three of the num- 
bers, viz., 178.8, is taken as the most probable value of the trans- 
port number of sulphuric acid in dilute solution at 20°. 
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The temperature coefficients calculated from the numbers in 
Table VII vary from 0.9 to 1.3, the average being 1.1, or when the 
transport numbers are not multiplied by 1000, o.oo11. In dilute 
solutions, therefore, 

m, = 0.1788 + 0.0011(¢—20°). 

VI. COMPARISON WITH RESULTS OF PREVIOUS INVESTIGATIONS. 

A table containing most of the results of previous investiga- 
tions on the transport number of sulphuric acid has already been 
given (Table I). My results agree perhaps best with those of 
Bein, although his results are somewhat higher at corresponding 
temperatures. Starck’s results, with and without a diaphragm, are 
widely divergent from each other. The numbers obtained by him 
at small concentrations with a diaphragm are undoubtedly very 
much too low. 

The results here reported with sulphuric acid can lay no such 
claim to exactness as those of Noyes and Sammet with hydro- 
chloric acid. The average deviation from the mean of their re- 
sults with sixtieth-normal HCl! is about one-half that of mine with 
twentieth-normal H,SO,. Some reasons for the greater trust- 
worthiness of their results are: Hydrochloric acid can be deter- 
mined as silver chloride more accurately than sulphuric acid as 
barium sulphate. Noyes and Sammet employed a silver anode; 
no secondary products thus went into solution around this pole to 
change the nature of the medium; the capacity of their apparatus 
was greater than that of mine. However, the results here re- 
ported with sulphuric acid are, without doubt, the most trust- 
worthy of any yet obained with this acid. 

VII. THE EQUIVALENT CONDUCTIVITY OF DISSOCIATED SUL- 
PHURIC ACID. 

The most recent work on the conductivity of dilute solutions 
of sulphuric acid is by Jones and Douglas.” Their results are ex- 
pressed as molecular conductivity in reciprocal Siemens units. 
When recalculated to equivalent conductivity in reciprocal ohms 
they find, for A. at 15°, 346.5 and at 25°, 380.0. These numbers 
are the practically constant values obtained from the conductivity 
at the dilutions 2048, 4096 and 8192 liters, after subtracting the 
conductivity of the water employed in preparing the solutions. 
They are undoubtedly much too low for the following reasons: 


1 This Journal, 24, 958 (1902). 
2 Am. Chem. /., 26, 436 (1901). 
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In determining the conductivity of a weak solution of an acid or 
of a base the subtraction of the conductivity of the water used in 
the preparation of the solutions is now generally recognized as 
leading to erroneous results. If one plots in a curve the results 
of Jones and Douglas at the dilutions just preceding those men- 
tioned, the form of the curve shows that the maximum value is 
by no means so near at hand. Interpolating from the values of 
A,, at 15° and 25°, A, at 18° would be approximately 356.5, 
while Kohlrauscht has found A = 368 at 18° at a dilution of 
2000 liters. 

The conductivity of an acid at infinite dilution is much more 
difficult to estimate than that of a neutral salt. Even the strong 
monobasic acids, as hvdrochloric ard nitric acids, yield no definite 
value for this quantity as far as can be estimated from the con- 
ductivity alone. It is, therefore, scarcely to be expected that 4, 
of sulphuric acid can ever be accurately determined in this manner. 
We shall, therefore, proceed to estimate this quantity indirectly. 

The most trustworthy determinations we possess of the trans- 
port numbers of sulphates are those by Noyes? with potassium 
sulphate and those by Steele and Denison* with calcium sulphate. 
A little less trustworthy, perhaps, are those of Jahn and Metelka* 
with copper sulphate. The transport numbers of these electrolytes, 
together with the migration numbers, calculated by their aid, are 
given in Table VIII. They are for a temperature of 18°. In the 
second column are the most probable values for A, of these elec- 
trolytes. The migration numbers of the anion and cation are 
shown under /, and /,., respectively. 

TABLE VIII. 


Electrolyte. Aw: n. la. rf 
0.504 68.3 it 
0.559 68.2 53. 
0.625 73-7 44. 


8 
3 


The values of the migration number of the SO, ion, obtained 
from the first two electrolytes, agree excellently, but the one from 
CuSO, is much higher. It may be said,however, that the migra- 
tion number of the K ion, derived from potassium sulphate, is 
somewhat higher than the most probable value of this number 


1 See Kohlrausch and Holborn : “ Leitvermdégen der Elektrolyte,"’ p. 160. 
2 This Journal, 23, 55 (1901). 

3 Jbid., 81, 466 (1902). 

4 Zischr. phys. Chem., 37, 710 and 711 (Igor). 
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(about 64.5), derived from the more trustworthy experiments with 
potassium chloride. This seems to indicate that the migration 
number of the SO, ion, derived from potassium sulphate, is too 
low, and the number found with copper sulphate is not, therefore, 
to be discarded. Consequently it will be assumed that the mean 
of the three numbers in the above table is the most probable 
value of this quantity. This is 70, which is also the value adopted 
by Kohlrausch in 1898. 

Although in the case of a dibasic acid the calculation of the 
equivalent conductivity or migration number of the H ion can lead 
to no final results, nevertheless, it will be interesting to compare 
the number obtained with sulphuric acid with that obtained from 
other sources. At 18° the transport number of sulphuric acid, 
according to the above formula, is 0.1788 — 0.0022 = 0.1766. 
Combining this with 70, the migration number just given for the 
SO, ion, we obtain 396 for V_, of H,SO, at 18° and 326 as the 
migration number of the H ion at the same temperature. Noyes 
and Sammet have derived the value 330 for the latter quantity 
from transference experiments with hydrochloric acid. In 1898 
Kohlrausch considered the most probable value to be 318. 


ADELBERT COLLEGE OF WESTERN RESERVE UNIVERSITY, 
CLEVELAND, May, I904. 
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THE HYDRATION OF [fILK-SUGAR IN SOLUTION.' 
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I. THE ANHYDROUS AND HYDRATED FORMS OF MILK-SUGAR. 
In a recent publication? I have shown the existence in aqueous 


! Read at the Providence meeting of the American Chemical Society. 
* Ztschr. phys. Chem., 44, 487-494 (1903). 
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solutions of milk-sugar of an incomplete hydration reaction which 
establishes its equilibrium slowly and is the cause of the gradual 
change of optical rotatory power of freshly prepared milk-sugar 
solutions, or of the “multirotation” of this substance. The present 
investigation is a continuation of this study. 

As was shown in the previous investigation, the reaction which 
takes place in milk-sugar solutions is represented by the equation 


C,,H,,0,, pane C,,H,,0,, + H,0. (1) 
(Milk-sugar hydrate.) (Anhydrous milk-sugar.) 

As further conclusive evidence that the reaction does not consist 
in a depolymerization of the sugar, the following fact may be cited: 
In dilute solution this hydration reaction can have no effect upon 
the osmotic pressure of the solution, and it is, therefore, to be 
expected that dilute solutions of equivalent concentration of either 
form of milk-sugar, or of a mixture of the two forms, will give 
identical values for those properties directly dependent upon os- 
motic pressure. That freshly prepared dilute solutions of hydrated 
and anhydrous milk-sugar, respectively, do give equal freezing- 
point depressions, corresponding with the formula C,,H.,O,,, has 
been shown by Schmoeger’ and by Tanret.? Also the freezing- 
point measurements of Loomis? upon dilute milk-sugar solutions 
that had reached equilibrium, gave in all cases 342 for the molec- 
ular weight, although from the experiments given in the present 
article the milk-sugar in a dilute solution which has reached 
equilibrium at 0° consists of about 45 per cent. hydrate and 5 per 
cent. anhydride. 

The substance on the left of the reaction-equation is the milk- 
sugar of commerce, a hard, sparingly soluble, crystalline sugar, 
which can be obtained pure without difficulty by recrystallization 
at room temperature from aqueous solution. If the crystallization 
be carried on above about 95° the substance on the right, anhy- 
drous milk-sugar,* separates out. 


1 Ber. d. chem. Ges., 2§, 1455 (1892). 

2 Bull. Soc. Chim. (3), 15) 358 (1896). 

3 Ztschr. phys. Chem., 37, 412 (1901). 

4 In the article cited above, I used the name ‘‘milk-sugar lactone’ for this substance, 
but as its lactonic character is not fully established, the designation ‘‘ anhydrous milk- 
sugar’’ seems preferable. For brevity it will be called simply ‘ the anhydride "' through- 
out this article. The hydrate is called by Tanret a-lactose, the anhydride y-lactose. The 
B-lactose of Tanret’s classification, which is given the composition CyoH2201).'%H,0, is a 
mixture of a- and y-lactoses. 

The anhydride here mentioned is not to be confused with a second anhydride ob- 
tained by heating the solid hydrate at 125° until it loses 5 per cent. water. This second 
anhydride has never been obtained by crystallization from solution. When it is dissolved 
in cold water heat is developed (while the other forms of milk-sugar absorb heat in dis- 
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The anhydrous sugar was obtained in large crystals by slowly 
evaporating at from 95° to 100° a solution of milk-sugar, best in 
a glass beaker ; but in order to prevent decomposition of the sugar 
during the two days of heating that are necessary, care must be 
taken in the recrystallization of the hydrate used in preparing the 
solution, and pure water and well cleaned vessels must be em- 
ployed. Traces of acid, and especially of alkali, cause rapid de- 
composition of the sugar. 

From the fact that milk-sugar solutions deposit hydrate at 
room temperature and anhydride at 95°, it follows that between 
these two temperatures there is a transition-temperature for the 
two substances. Attempts to determine this temperature with 
accuracy have not met with success so far, but the experiments 
will be continued. 

II, THE MULTIROTATION OF MILK-SUGAR. 

The rate of formation of anhydride at constant temperature in 
a dilute solution, containing, at the start, a mols hydrate and b 
mols anhydride per unit-volume, is 

ax 


po Pila—x)—#,(6 + *), (2) 


where .r denotes the amount of anhydride which has been formed 
at the time t. The integral of this expression is 
Ka—é 
lo > 


I 
i" eG tee OTS 


cr - 


where K = . and « = O when ¢ = O. 


2 


If Ry and Ry, denote the molecular rotation of the hydrate 
and anhydride respectively, the initial rotation of the solution is 


r,=aRy + 6 Rg, the final rotation is7, = (a—x,) Ru + 
(x, + 6) Ra, and the rotation at the time ¢ is y = (a—x) Ry + 
(z + b) Rg. 


solving), and the resulting solution has a specific rotatory power identical with that of 
freshly prepared solutions of the hydrate. This anhydride, therefore, when dissolved, 
passes almost instantly and quantitatively into hydrate, which then slowly forms the 
equilibrium given by (1). This initial hydration of an anhydride and the subsequent par- 
tial dehydration reminds one of the similar phenomena with the sugar glucose observed 
by Tollens: Ber. d. chem. Ges., 26, 1801 (1896). That this behavior of an anhydride has 
been pronounced ‘‘thermodynamically impossible "’ by several authors, Ostwald: Zéschr. 
phys, Chem., 12, 799 (1893), and Landolt: ‘Das optische Drehungsvermégen’’( 1898), p. 244, is 
obviously due to the misconception that the two anhydrides are identical. In the case of 
milk-sugar, the two anhydrides are different substances, and this is probably also true for 
the glucose anhydrides. 
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From these three relations it follows that 
sa and K = . —= fF se) 

R,—Ry k, ¥ gM —4(Ra—Ru) 

When these values of x and K are substituted in the equation 

above, there results 





: 


eh + by 
This formula holds for solutions containing, at the beginning, pure 
hydrate, pure anhydride, or a mixture of the two. At the time that 
it was first derived’ experiments at three temperatures (10°, 15° and 
30°) were made which showed that the velocity-constant of the 
rate of change in rotation (k, +k.) is the same for solutions of 
hydrate and anhydride—a result which is predicted by the theory. 
Since then the same fact has been noticed by Roux.” In order to 
use the data as a control upon a direct measurement of k,, which 
will be given further on, the rate of change in rotation at 0° has 
been determined. The solution formed from slowly recrystallized 
sugar and conductivity water was kept in the observation tube of 
the polariscope accurately at 0° by passing through the jacket of 
the tube a sodium sulphate solution, saturated at its cryohydrate 
temperature (—o°.7), as it was found that the water from a 
mixture of water and ice would not keep the temperature of the 
tube as low as 0°. The final rotation was obtained by adding to 
the solution a drop of ammonia which so greatly accelerated the 
rate of change of rotation that a constant value was obtained in 


> log 


half an hour. 


MULTIROTATION AT 0° OF A FRESHLY PREPARED HYDRATE SOLUTION. 
Specific rotation (A; + &e) or 
: f calculated for I logy) 2 

Time (in hours). CyoH 220}. t ae 
o 89.13 

86.87 0.0299 

84.96 0,0284 

82.79 0.0299 

80.79 0.0306 

0.0303 

0.0299 

0.0308 

0.03¢ 7 

0.0310 

0.0303 

70:71 0.0308 
55-16 


Yoo 


WO ON DU LW bv & 


SAO 


Average, 
1 Hudson : Loc. cit. 
2 Ann. chim. phys. (7), 30, 422-432 (1903). 
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MULTIROTATION AT 0° OF A FRESHLY PREPARED ANHYDRIDE SOLUTION. 


Specific rotation (4; + &2) or 


or : calculated for I logic Yy—"eo 
Time (in hours). CyeH220}1. 7 : pore 

" 39.6! mre 

41.6 0.0298 

3 42.6 0.0309 

4 43-4 0.0306 

5 44.2 0.0303 

6 44.9 0.0300 

7 45-7 0.0308 

8 46.3 0.0305 

9 46.9 0.0304 

™ 47.6 0.0312 

™ 55-20 tt ws 





Average, 0.0305 
These experiments again show that the velocity-constant of the 
change in rotation at constant temperature is the same for both 
hydrate and anhydride, and, together with the earlier ones, prove 
conclusively that the multirotation of this sugar is due to a change 
in its state of hydration. 
III. THEORY OF THE MAXIMUM RATE OF SOLUTION. 


On account of the slowness at room temperature of the hydra- 
tion and dehydration of milk-sugar in solution, it is possible to 
measure a new kind of rate of solution, namely, the rate at which 
the concentration of the solution increases when it is kept con- 
tinually saturated by vigorously shaking a large excess of solid 
with water. This rate will be here called the maximum rate of 
solution, since it cannot be further increased by increasing the 
contact between the solid and liquid phases. The concentration of 
the saturated solution first formed is called the “initial solubility” ; 
it corresponds to the solubility of the hydrate when it alone is 
present in the solution. That this initial solubility is a definite 
concentration, independent of the amounts of the phases and capa- 
ble of accurate measurements, is shown by the following experi- 
ments, where varying amounts of solid milk-sugar hydrate were 
rotated in the apparatus described by Noyes? at 0° for ten minutes 
with 50 grams of water under uniform conditions of fineness of 
the solid and rate of rotation. ‘The concentrations are uniformly 
expressed as millimols C,,H,.0,, to 100 grams water. The analy- 


1 This value is not the specific rotation of the pure anhydride because the substance 
contained a small, but not definitely known, amount of hydrate. 
2 Zischr. phys. Chem., 9, 606 (1893). 
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ses of these and the subsequent solutions were made by filtering 
the solution without evaporation during the filtering, weighing 
the resulting solution in the pipette, evaporating it to dryness 
and weighing the residue, which consists of a mixture of the two 
anhydrides and has the composition C,,H,.O,,. In filtering and 
weighing the solutions, a shortened pipette with a cock and a 
ground glass cap was used, and good results were obtained in 
the filtration by slipping a 2 cm. long piece of tightly fitting rub- 
ber tubing over the ground end of the pipette and stuffing some 
cotton into the end of this tubing. 


Grams solid hydrate. Concentration of solution. 
3 12.09 
3 14.27 
10 14.70 
30 14.78 
30! 14.80 


From these experiments, the initial solubility of milk-sugar hy- 
drate at 0° is 14.80 millimols per 100 grams water. 

It was found, on long continued rotation of the large excess 
of hydrate with water at 0°, that the concentration of the solu- 
tion slowly increases from 14.80, the initial solubility, at a con- 
stantly diminishing rate, to 34.82, at which it remains constant. 
This last limiting value may be designated the final solubility. 
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The obvious interpretation of this increase in solubility is that 
the initial solubility, 14.80, is the concentration of hydrate in solu- 
tion, and that the total increase in solubility, 34.82 — 14.80, is 
the concentration of anhydride that is in equilibrium in solution 
with the 14.80 millimols of hydrate. These relations are illus- 
trated graphically by the accompanying illustration. 

According to this interpretation the rate of increase in the solu- 


1 Rotated for fifteen minutes instead of ten minutes. 
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bility Sy of the solid hydrate is the same as the rate of formation of 
anhydride, which is 
Se — Ss — £Sh—AC,, (3) 
where S? denotes the concentration of hydrate in solution, which 
is constant and equal to the initial solubility of the solid hydrate, 
C, denotes the concentration of anhydride in solution at the time ¢, 
and k, and k, are the same quantities that occurred in equation 
(2)—the velocity-constants of the two opposing reactions. 
The integral of this expression is 


I K S$? 
— log Saas = (4) 
£ K Sé6—Ca 7 
kb 
where K = z and C, = © when ¢= ©: 
? hia eae éC, ; 
When the final solubility (S*.) is reached, a O and hence 
from (3) 
K= & _&.. &-& 
toe kh =e GH ? 
2 oO ~O 
If S, denotes the concentration of the saturated solution at the 
time 7, Cy = Sy—St#. When these values of K and (Cy, are 


substituted in (4) there results 
1 jog Sa Se 
t ° SB8—Su 
This is the expression of the law governing the maximum rate of 
solution of milk-sugar hydrate. 
The analogous maximum rate of solution when the anhydride? 


is the solid phase is 


= &,. 


I S*—sé 
— log =2— = &.. 
tf S*—S, , 
IV. EXPERIMENTS ON THE RATE OF SOLUTION OF MILK-SUGAR 
HYDRATE. 


In the following tables are given the data concerning the max- 
imum rate of solution of milk-sugar hydrate at 0°, 15° and 25° 
The time is expressed in hours, and the concentration in millimols 
C,.H,.O,, per 100 grams water. The sugar used in these ex- 


1 The experiments upon the anhydride are not concluded, and all that can be said 
with certainty is that the initial solubility of this substance at o° is quite large, near 125 
millimols per 1co grams water. 
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periments was carefully recrystallized, and in some of the experi- 
ments very pure “conductivity” water was employed, but the rate 
in this water was the same as that obtained with the usual distilled 
water of the laboratory. The values of the final solubility were 
obtained by continued rotation for a week. 





im Sew Concentration of solution (SH). : _ SE—So. 
erature. (inhrs.) Ist series. 2nd series. Mean. S4—Sy 
0° o 14.81 14.78 4:80 == = wedeon 
12 20.63 20.61 20.62 0.0124 
24 24.68 24.95 24.81 0.0125 
3 27.73 27.64 27.68 0.0124 
48 29.90 30.08 29.99 0.0129 
72 32.64 32.43 32.53 0.013! 
er) 34.72! 34.92? 34.82 = = eee 





Average, &,, 00127 


(20.9 5 eocee 





15° o ee sass 
I 24.9 24.6 24.8 0.0632 
2 28.6 28.4 28.5 0.0615 
3 31.5 31.4 31.4 0.0656 
5 36.5 36.3 36.4 0.0651 
74 40.1 39.8 40.0 0.0675 
10 43-5 43.3 43.4 0.0660 
co 50.1? 49.2! 49-7 st eee 
Average, £,, 0.0648 
25° ) eee ae (25.3) = wanes 
0.5 32.6 32.8 32.7 0.188 
1.0 38.4 38.8 38.6 0. 186 
1S 43.3 43.1 43.2 0.184 
2.0 47.2 47.0 47.1 0.184 
3.0 $9.9 52.5 52.6 0. 182 
4.0 56.6 56.4 56.5 0.185 
oo 63.3! ss 3.4 As 





Average, &,, 0.185 

These values of the velocity constant k, for the three tempera- 
tures agree with the relation 
d log k, A , 
—~—* = »@, where T is the absolute temperature. 
aT : P 

, . ; s ., 

The integrated form of this equation, log 4, = 6— m Sives for 


1 From undersaturation. 
2 From supersaturation. 
3 Obtained by extrapolation. 








efa- 


for 
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the three values, log,, 4, = 12.016 — =. The values of 4, ob- 


tained from this formula, are compared in the table below with 
the observed values. 


Temperature. ke observed. ko calculated. 
Oo 0.0127 0.0125 
15 0.0648 0.0664 
25 0, 185 0.184 
For an increase of temperature of 10° this rate is accelerated 2.8 


fold. 

The three tables above show the maximum rate of solution in 
pure water. On account of the fact that the rate of change of 
rotation of milk-sugar solutions is greatly accelerated by bases* 
it seemed highly probable that the rate of solution would also be 
accelerated, and this was found to be the case. For example, in 
a thousandth-normal ammonia solution the following maximum 
rate of solution was observed at 0° for the hydrate. 


su_s# 
logio == 
Time (in hours). Concentration. SH—Sy 
oO ¥4.80 = i asec 
3 18.59 0.0308 
6 21.65 0.0308 
Io 24.71 0.0302 
14 26.91 0.0294 
19 28.78 0.0281 
ci 7 4; nc Co 





: Average, 0,030 

By the use of thousandth-normal ammonia the rate is increased 
2.4 fold. 

This catalyzing effect of foreign substances upon the rate of 
attainment of equilibrium can be used in obtaining supersaturated 
solutions whose realization would otherwise be out of question? 
on account of the fact that the reaction is so slow that the solution 
would have to be kept supersaturated with respect to the stable 
solid phase for many hours, sometimes even days, before the de- 
sired final solubility of the unstable solid phase would be reached ; 
thus, in case the anhydride is rotated with water at 0°, the con- 
centration of the immediately resulting solution is about 125 and 
would slowly increase during a week to several fold this amount. 

1Urech: Ber. d. chem. Ges., 1§, 2130-2133 (1882), Cf. especially ; Trey: Ztschr. phys. 


Chem., 46, 620-719 (1903). 
2 Cf. Meusser: Ber. d. chem. Ges., 34, 2436 (1901). 
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if it were not for the fact that as soon as the concentration of the 
hydrate produced by the reaction becomes greater than its initial 
solubility (14.80), the solution becomes supersaturated with re- 
spect to the solid hydrate and, on further stirring, this soon pre- 
cipitates out. By the use of tenth-normal ammonium hydroxide 
solution, instead of water, the hydration reaction can be so greatly 
accelerated that the final solubility of the anhydride can be ob- 
tained in a few minutes, before crystallization of the hydrate has 
begun. In all such cases of slow maximum rate of solution of 
an unstable substance the use of a catalyzer may be of service, 
because when the maximum rate is highly accelerated it is nec- 
essary to preserve the supersaturation with respect to the stable 
form for only a few minutes in order to reach final saturation with 
respect to the unstable form. If the slowness of attainment of 
saturation is caused by a hydration reaction, bases, and in less 
measure, acids, will probably be efficient catalyzers. 

V. THE EQUILIBRIUM BETWEEN THE HYDRATE AND ANHYDRIDE. 

H_ GH é 
It has been shown in Section 3 that K = eo = = 
oO oO 








The values of K for 0°, 15° and 25°, calculated from the initial 
and final solubilities of the hydrate, are the following: 


ae Pinal Equilibrium 
Temperature. solubility SG: solubility SH. ratio K. 
So 14.80 34.82 1.35 
5° 20.9 49.7 1.44 
25° 25.3 63.4 1.51 


It will be seen from the values of K that the degree of hydra- 
tion greatly decreases with rise of temperature. 


VI. THE MAXIMUM RATE OF PRECIPITATION OF MILK-SUGAR 
HYDRATE. 

Let the supersaturated solution contain Cy hydrate and Ca 
anhydride in equilibrium, Cy being necessarily greater than the 
initial solubility of the hydrate, S% When a large excess of solid 
hydrate is mixed with this solution at a low temperature, the im- 
mediate result is the precipitation of some hydrate until the con- 
centration of hydrate in the solution decreases from Cy to S%. 
This precipitation disturbs the existing equilibrium between hy- 
drate .and anhydride, and as a consequence hydrate begins to 
be formed slowly in solution from anhydride. It is obvious that 








Ta- 
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after the initial precipitation has occurred, the subsequent rate of 
precipitation cannot be greater than the rate at which hydrate is 
produced in solution from anhydride. This subsequent rate of 
precipitation can be deduced by the same considerations that were 
presented in discussing the maximum rate of solution. It is as- 
sumed that the surface of the solid is so large, the stirring is so 
thorough and the temperature is so low that the velocity of the 
physical process of crystallization of the dissolved hydrate as solid 
hydrate is incomparably greater than the velocity of the chemical 
process which produces hydrate in solution from anhydride. 
Under these conditions, after the initial precipitation has occurred, 
the velocity of the subsequent precipitation reaches a maximum 
and is the same as the velocity with which hydrate is formed or 
anhydride destroved in solution ; namely, as before: 
du  @Ca 


—_—- = = 1 ye \ : 
at ae 


The integral of this expression is 


>\ oH 
I ‘in Co—(I + K)So — fp 

to eae 
where Co denotes the initial concentration of a solution saturated 
with respect to hydrate, but containing an excess of anhydride over 








‘ ae a. ‘ 
that corresponding to equilibrium, and K= Be Now K = 
SH__SH 

ea) WO 

S# ’ 
ration of the solution at the time t. When these values of K and 
C, are substituted in the expression above, there results 


I = Co --S# oe 
7 log C- ao k,. 


and Cs, =C,—S', where C, denotes the concen- 


The following experiment was made to test this rate of pre- 
cipitation. A saturated solution of hydrate in warm water was 
prepared, cooled at o° and rotated with as large an excess of 
solid hydrate as could be conveniently used. After about twenty 
minutes the solution was analyzed and its concentration taken 
as Co, the time of the removal of the following portions being 
measured from the moment of this first removal. The concentra- 
tion fell as follows: 
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— logy, — H 
Time (in hours). Concentration. : C-—S oA 
oO 64.62 (Co ) wisrerate 
12 57.01 0.0107 
24 51.37 0.0106 
36 47.61 0.0105 
48 44.65 0.0100 
co 34.52 seats 





Average, 0.0105 


The value of k, is sufficiently constant and agrees fairly well 
with the value of k, obtained from the maximum rate of solu- 
tion (0.013). Probably the small difference between the two 
values is due to the fact that the rate of the physical precipitation 
was not great enough to keep the concentration of hydrate in solu- 
tion from somewhat exceeding the value S# 


VII. COMPARISON OF THE VELOCITY-CONSTANTS DERIVED FROM THE 
RATE OF CHANGE OF ROTATION AND FROM THE 
MAXIMUM RATE OF SOLUTION. 


The values of K = = being known from the initial and final 


2 


solubilities, and the value of k, being known from the maximum 
rate of solution, the values of 2, and of (k, + k,) can be at once 
found. In the following table are given the values of (k, + R,), 
obtained in the one case in this way from the preceding solubility 
experiments and in the other case from polarimetric observations 
of the rate of multirotation. The polarimetric data for o° are 
given in Section II of this article; while for 15° and 25° the values 
are taken from my earlier article,’ with the unit of time changed 
from the minute to the hour. 


Solubility experiments. 





Tem- Multirotation 
pera- Ay i observations. 
ture. ke. ko 7 Ay. ky + ko ky + &o. 
o° 0,0127 1.35 0.0172 0.0299 0.0304 
1s° 0.0648 1.44 0.0933 0.158 0.178 
25° 0.185 1.51 0.279 0.464 0.475 


The agreement in the values of (k, + k,), obtained by the two 
independent methods, is satisfactory. 
1 Ztschr. phys. Chem., 44, 490. 
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\III. THE ABSOLUTE VELOCITY OF HYDRATION AND DEHYDRATION. 

In a milk-sugar solution which has reached equilibrium the 
actual velocities of the two opposed and balancing reactions of 
hydration and dehydration can be readily calculated.1 Thus, in 
the final saturated solution of the hydrate, the rate of formation 
of hydrate is 


where C*% is the concentration of anhydride corresponding to 
the final solubility of the solid hydrate. For the three tempera- 
tures, 0°, 15° and 25°, the values of these quantities for the satu- 
rated solutions are the following: 


er cent. sugar un- 
>H P t 
CA. - dergoing change 
Temperature. a0 ho a7 in one hour. 
0° 20.02 0.0127 0.254 1.46 
15 28.8 0.0648 1.87 7 Ae 
25 38.1 0.185 7.05 22.2 


The calculation of the values given in the last column may be 
explained by an example. In equilibrium with 100 grams water 
at o° are 20.02 millimols anhydride and 14.80 millimols hydrate 
(see Section V). In one hour in this solution are formed 
(20.02 X 0.0127) = 0.254 millimols hydrate, and of necessity the 
same amount of anhydride is also formed during the same time. 
The sugar which undergoes change in one hour is thus 0.508 
millimols, which is 1.46 per cent. of 34.82, the total sugar in the 
solution. 

IX. THE MAXIMUM RATE OF SOLUTION IN RELATION TO THE EQUI- 
LIBRIUM OF DISSOLVED SUBSTANCES IN GENERAL. 

The method of studying the equilibrium of dissolved substances 
which has been presented in this article, is applicable to any kind 
of reaction which proceeds slowly in solution, and is independent 
of special analytical or physical methods for determining sepa- 
rately the concentrations of the different substances involved ; 
for it is only the change of the total amount of substance in solu- 
tion that has to be measured. The study of slowly progressing 
hydration reactions and isomeric transformations are two special 
applications of the method. 


1 Cf. Nernst : ‘‘ Theoretische Chemie,” 4th edition, p. 573 
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It is true that thus far but few reactions of this character have 
been discovered; for unfortunately, in the usual method of deter- 
mining solubilities, no attention is given to the detection of a 
possible maximum rate of solution, and the frequently observed 
sluggishness of solutions in reaching final saturation has always 
been looked upon as an unpleasant experimental difficulty, whereas 
if the slowness is caused by the occurrence of a chemical reaction 
it can be turned to valuable service. From indications found in 
the literature it appears that cobalt and nickel iodates and anhy- 
drous manganous and thorium sulphates possess slow max- 
imum rates of solution. It is highly probable that all the multiro- 
tating sugars have such a rate. Probably the chromium salts are 
to be included, because the change of color of the solutions from 
violet to green proceeds slowly at room temperature. 

Several substances were studied to determine whether they show 
a measurable maximum rate of solution even at 0° ; namely, iodine 
in water, in alcohol and in ether; barium nitrate, potassium sul- 
phate and sodium chloride in water. The results of these ex- 
periments show that these substances can be made to form their 
final saturated solutions at 0° from undersaturation in less than 
fifteen minutes, if a large excess of solid is used, and thorough 
mixing of the solid and liquid phases is provided for. In the 
case of the iodine solutions the concentration was estimated by 
the color, the solutions which resulted from fifteen minutes rota- 
tion not differing perceptibly from solutions which were rotated 
for several hours. The data concerning the three salts are given 
in the following tables, where the time elapsing between the 
mixing of the salt with the water and the removal of a portion 
of the solution for analysis is given in the first column, and the 
concentration of the corresponding solution in grams anhydrous 
salt in 100 grams water is given in the other columns. 











Potassium sulphate. Barium nitrate. 

- Concentration. Concentration. 

Time after = —~ — SOR EES 
mixing. I. a2. 5. II. 
Io minutes sees 7.31 sas 4.90 
20 minutes 7:32 4.91 oene 
24 hours 7.36 7.40 4.89 4.91 
48 hours 7.36 7530 sate saree 

From supersaturation 7.34 4.90 


In the case of sodium chloride the concentration was found 
to be 35.7 grams per 100 grams water fifteen minutes after mix- 
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ing, while its solubility at 0°, as ordinarily determined, is, accord- 
ing to the work of six different investigators,’ 35.5-35.7. 

It is evident from these results that if iodine and these salts 
form compounds with the solvents, the reactions proceed with high 
velocity even at O°. 

It has been known for generations that arsenious oxide forms 
its saturated solution slowly, even in the presence of large quan- 
tities of the solid. This fact has led to the hypothesis that the 
slowness of the rate of solution is caused by a slowly progressing 
hydration. If this were the explanation of the slowness of attain- 
ment of saturation, arsenious oxide would unquestionably show a 
slow maximum rate of solution independent of the contact between 
solid and solution, similar to that observed with milk-sugar. A 
number of experiments have shown conclusively, however, that 
such a measurable maximum rate of solution does not exist. In 
these experiments about 80 grams of recrystallized arsenious 
oxide, 50 grams of water or of supersaturated solution and a hand- 
ful of glass beads were vigorously shaken by hand in a bottle 
immersed in a thermostat at 25°. The bottle and the glass beads 
were previously treated several days with strong chromic acid in 
order to prevent their giving up alkali to the solution, and thereby 
accelerating the rate of solution. After fifteen minutes shaking 
the concentrations of the solutions obtained from undersaturation 
in three experiments were 20.6, 20.6 and 20.5 grams As,O, per 
liter solution. Likewise from supersaturation the values 20.6, 
20.5 and 20.7 were obtained after shaking for fifteen minutes. The 
concentration of the supersaturated solutions at the start was 50. 
The solubility of As,O, at 25° is, therefore, 20.6 grams As,O, 
per liter of solution, which agrees with the value (20.4) obtained 
by Bruner and Tolloczko? after eighteen hours stirring. In other 
experiments that I have made where the relative amount of solid 
oxide was small, or where the mixing of the solid and liquid was 
not aided by the presence of heavy foreign bodies, such as glass 
beads or garnets, several hours were necessary for the attain- 
ment of saturation, and the rate varied with the relative amount 

of solid present; but, as is shown by the experiments here given, 
if the necessary precautions for a thorough contact between the 
two phases are taken, the saturated solution can be obtained 


1 Comey : “ Dictionary of Solubilities,” p. 376. 
® Zischr. anorg. Chem., 37+ 456 (1904). 
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both from supersaturation and from undersaturation in less 
than fifteen minutes. The slowness with which arsenious oxide 
usually dissolves is, therefore, not due to a slow chemical reaction, 
It seems likely that under ordinary conditions the oxide is only 
slowly wetted by the water on account of a film of air which per- 
sistently adheres to the surface of the oxide and prevents that 
intimate contact of the solid and liquid phases which is necessary 
for the process of solution. . 
X. SUMMARY. 


The results of this investigation may be summarized as follows: 

Anhydrous milk-sugar was obtained in large crystals by evap- 
orating a solution of the hydrate above 95°, while at room tem- 
perature the hydrate itself separated. This shows that there is 
a transition-temperature somewhere between these two points. 

Measurements were made of the change in rotatory power at 
o° of freshly prepared solutions of both the hydrated and anhy- 
drous milk-sugar; in each case the rate was accurately expressed 
by the logarithmic formula applicable to incomplete reactions of 
the first order, and, as the theory requires, the constants of the 
formula were found to be identical in the two cases. These results 
are further proof that the multirotation of this sugar is due toa 
change in its state of hydration in solution. 

It was found when a large excess of milk-sugar hydrate is 
agitated with water there is formed within a few minutes a solu- 
tion whose concentration (calied the initial solubility) is inde- 
pendent of the quantity of solid substance used, but that, owing 
to gradual dehydration of the dissolved hydrate, this concentration 
slowly increases up to a constant limiting value (called the final 
solubility), at which the solution contains that quantity of an- 
hydrous sugar which is in equilibrium with the constant quan- 
tity of hydrate corresponding to the initial solubility, which the 
solution always contains. Therefore, whenever a substance ex- 
hibits this phenomenon of a rate of solution independent of the 
contact between the solid and liquid phases (here designated 
therefore a maximum rate of solution), and shows an initial and 
final solubility, it is possible to derive the velocity and equilib- 
rium of the chemical change that is taking place in the solution, 
even in cases where the substances involved cannot be separately 
determined by any chemical or physical method. 
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Measurements of this maximum rate of solution were made 
with milk-sugar hydrate at 0°, 15° and 25°, and found to corre- 
spond to the requirements of the Mass-action Law. The change 
in the rate of hydration for these two intervals of temperature is 
accurately expressed by the usual equation, ames = e , and 
the increase in rate for a rise in temperature of 10° is 2.8 fold. 
The reaction is greatly accelerated by bases, as was previously 
observed by Urech and by Trey, for the constant was found to 
be 2.4 fold greater in a 0.001 normal ammonium hydroxide solu- 
tion than in pure water. 

The rate of precipitation of the solid hydrate from a solution 
saturated with it, but containing an excess of the anhydrous sugar 
over that corresponding to equilibrium, was also measured, and 
the velocity-constant was found to agree fairly well with that de- 
rived from the rate of solution experiments. 

The equilibrium ratio (K) of anhydrous to hydrated milk-sugar 
has been calculated from the initial solubility (S,) and final 
solubility (SH) of the solid hydrate by the expression K = 
(SH—SH)/SH and was found to have the value 1.35 at 0°, 
1.44 at 15° and 1.51 at 25°, showing that the degree of hydration 
of the sugar in solution decreases greatly with rising temperature. 
The initial solubilities at these three temperatures are 14.8, 20.9 
and 25.3 millimols per 100 grams water, and the corresponding 
final solubilities are 34.82, 49.7 and 63.4. 

The separate velocity-constants (k, and k,) of the two opposing 
reactions of hydration and dehydration can be derived from these 
solubility experiments, while from the experiments on the multi- 
rotation their sum (k, + k,) is obtained. It has been shown that 
the two methods give concordant values. 

A calculation from the velocity-constant of the amount of sugar 
that undergoes hydration and dehydration in one hour in the equi- 
librium mixture showed this to be 1.5 per cent. at 0° and 22.2 per 
cent. at 25° of the total quantity present. 

The general applicability of the principle of the maximum rate 
of solution to the study of hydration and other chemical changes 
in solution has been discussed. A few cases from the literature 
are cited in which the phenomenon probably exists, and experi- 
ments upon the rate of solution at 0° of barium nitrate, potassium 
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sulphate, sodium chloride and iodine in water, and of iodine in 
alcohol and in ether, and at 25° of arsenious oxide in water are de- 
scribed. Not one of these substances gives evidence of any slow 
chemical change accompanying the process of solution. Even in 
the case of the arsenious oxide, in regard to which a contrary 
opinion has long prevailed, this has been clearly demonstrated by 
the dependence of the rate of solution on the surface of contact 
between the solid and solution and by obtaining in fifteen minutes, 
with very thorough mixing, a value of the solubility, 20.6 grams 
As,O, per liter, substantially identical with that obtained by 
Bruner and Tolloczko after eighteen hours stirring. 


Boston, MASS., July, 1904. 


[CONTRIBUTION FROM THE JOHN HARRISON LABORATORY OF CHEMISTRY, 
No. &1.] 
THE ATOMIC WEIGHT OF TUNGSTEN. 
By EDGAR F. SMITH AND FRANZ F. EXNER. 
Received July 26, 1904. 

TuE atomic weight of tungsten having received attention at 
various times, during recent vears, in this laboratory, we were 
induced to institute a new series of experiments in this direction 
inasmuch as weghad, after much labor, obtained pure tungstic acid! 
from which were prepared large quantities of pure hexachloride 
and also pure metal. Roscoe has stated that when tungsten hexa- 
chloride is directly decomposed with water and the resulting acid 
ignited to oxide, the latter will contain chlorine which cannot be 
expelled by heat. We had hoped to pursue this method, but as 
it had the condemnation of so high an authority the hexachloride 
was introduced into freshly distilled ammonia water, contained in 
a weighed platinum dish, with the expectation of eventually get- 
ting ammonium tungstate and chloride which would leave the 
trioxide upon ignition. Experience showed that the quantity of 
the resulting ammonium chloride was so great that.even with the 
most careful ignition there was much danger of expelling me- 
chanically appreciable amounts of the oxide. Nor was it forgotten 
that it is very doubtful whether from such a mixture the chlorine 
could be completely removed by heat. 

1 Proc. Am. Phil. Soc., 43, 123. 





le in 
e de- 
slow 
nin 
Tary 
d by 
ntact 
utes, 
rams 
1 by 


TRY, 


n at 
vere 
tion 
cid? 
ride 
2xa- 
acid 
t be 
t as 
ride 
1 in 
get- 
the 
- of 
the 
me- 
ten 
ine 





ATOMIC WEIGHT OF TUNGSTEN. 1083 


The treatment of the hexachloride directly with nitric acid was 
also found impracticable. 

In spite of Roscoe’s objection to the decomposition with water 
it was believed that the transposition could be carried out. Five 
glazed No. 2 porcelain crucibles of 40 cc. capacity were selected, 
thoroughly cleansed and ignited, allowed to cool in vacuum desic- 
cators and weighed upon a specially constructed Troemner bal- 
ance, sensitive to 1/4) of a milligram. There was next introduced 
into each one of them tungsten hexachloride from a weighing-bot- 
tle which was reweighed after the removal of each portion. The 
crucibles with their chloride content were placed on water-baths 
and cold distilled water introduced into each. When the volume 
of water was insufficient for the quantity of chloride, sufficient 
heat was generated by the reaction to make the water boil and 
spattering followed. At 60° the decomposition proceeded quietly 
to the hydrated trioxide, which, at the beginning, had a slight 
greenish-yellow color, due probably to the imperfect decomposi- 
tion, as mentioned by Roscoe, but this tint disappeared as the hy- 
drochloric acid was expelled. When the mass was perfectly dry 
a few drops of pure concentrated nitric acid were introduced from 
a pipette upon the trioxide. Instantly any green tint vanished 
and was replaced by a rich orange-vellow color. The excess of 
nitric acid was slowly evaporated away and the oxide assumed a 
pale yellow hue. 

The crucibles were now removed from the water-bath, and after# 
careful drying were ignited for half an hour to a dull red heat, 
then allowed to cool in the desiccator, and at the expiration of an 
hour and a half were weighed. 

In the calculations the values for oxygen and chlorine were 
taken at 16 and 35.45 respectively. The specific gravity of tungsten 
trioxide was found to be 7.157 and that of tungsten hexachloride 
3.518. 

Seven different series of determinations were made, each from a 
different sample of hexachloride. The results appear in the table 
on the following page. 

It should be mentioned here that at the conclusion of these ex- 
periments etching or corrosion of the glaze of the crucibles could 
not be observed. Nor was there any stain upon them; they looked 
as if they had been unused. 








1084 EDGAR F. SMITH AND FRANZ F, EXNER. 


Weight of WCl, Weight of WO; 


No. No. corrected corrected Atomic Means Mean 
of of for vacuum for vacuum. weight of of 
exp. series. in grams. in grams. of W. series. means, 

I 3.18167 1.86085 184.04 
2 I 2.66612 1.55903 183.94 184.01 
3 3.52632 2.06244 184.05 
4 L52117 0.88972 184.07 
5 1.22299 0.71523 184.00 
6 II 2.28445 1.33603 184.01 184.04 
7 3-25404 1.90337 184.10 
8 3.37078 1.97133 184.01 
g Ill 7.76488 4.54082 183.98 183.98 
Ke) 2.08764 1.22114 184.11 
II 2.80141 1.63859 184.09 
1 IV 3.24328 1.89681 184.02 184.08 184.04 
13 4.97975 2.91262 184.06 
14 3.04036 1.77838 184.10 
15 4.31046 2.52133 184.10 
16 2.21201 1.29381 184.07 
17 Vv 2.70368 1.58135 184.06 184.06 
18 3.60658 2.10934 184.03 
19 2.63037 1.53835 184.02 
20 3.41668 1.99808 184.07 
21 3.49940 2.04675 184.06 
a> VI 3.86668 2.26145 184.05 184.04 
23 3.40202 1.98970 184.03 
24 3.20661 1.87533 184.01 
25 3.26386 1,.gOgo09 184.09 
26 VII 6.73833 3.94031 183.94 184.06 
27 7.37889 4.31643 184.14 


For the sake of comparison it was determined to reoxidize 
metal to trioxide and ascertain how well the atomic weight 
deduced in this manner would agree with that found from the 
conversion of the hexachloride into trioxide. Accordingly, por- 
tions of pure metal were weighed out into the same crucibles 
which had been used in the experiments with the hexachloride 
and gently heated with air contact. The steps in the ignition were 
those which any careful analyst would observe, so that they need 
not be mentioned here. The final oxide was uniformly yellow in 
color throughout its entire mass. 

The weighings here, as in all previous experiments, were re- 
duced to vacuum standard. The value of oxygen was placed at 16. 
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The specific gravity of the oxide was, as before, 7.157, and that of 
the metal 19. 

In the appended table it is to be understood that each single 
series was made from portions of the same sample of metal. The 


results are: 


No. No. Weight of Weight of Atomic 
of of W. in WO; in weight Means of Means 
Exp. Series. grams. grams. of W. series. of means 
I I 2.24552 2.83144 183.96 183.96 
2 II 1.78151 2.24619 184.07 184.07 
3 1.63590 2.06270 183.98 
4 III 1.38534 1.74665 184.04 184.04 
5 1.29903 1.63774 184.09 
6 2.01302 2,53751 184.12 
i 2.18607 2.75632 184.01 
: J alt 184.0 
8 ” 2.36755 2.98478 184.12 4.09 
9 1.94958 2.45781 184.12 
10 4.43502 5.59141 184.09 
II 2.37603 2.99548 184.11 
12 Vv 2.58780 3.26260 184.08 184.10 184.065 
13 2.58503 3.25886 184.14 
14 2.38298 3.00441 184.06 
15 2.05578 2.59169 184.13 
16 VI 3.60828 4.54915 184.08 184.11 
17 6.22621 7.84949 184.11 
18 VII 5.28444 6.66239 184.08 184.08 
19 VIII = 3.99095 5.03138 184.12 184.12 
20 IX 7.30166 9.20647 184.00 184.00 
21 3.44143 4.33870 184 Io 
22 X 2.67709 3.37541 184.01 184.08 
23 4.96735 6.26229 184.13 


In Series VII, a very large quantity of oxide was heated in 
hydrogen from g A.M. until 5 p.m. The resulting metal was 
placed over night in a desiccator. and on the following day a por- 
tion of it was weighed out for the eighteenth experiment, the 
remainder being heated for a day more in hydrogen. After stand- 
ing over night, a second portion was removed and used in Experi- 
ment 19. The remainder was exposed all of the third day to the 
action of hydrogen, and was then oxidized for Experiment 20. 
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Had not the first reduction been complete, the results would not 
have agreed so well. 

The mean atomic value from the hexachloride is 184.04, that 
from the oxidation of metal 184.065, or the average of the two 
independent series is 184.05, which probably approximates the 
truth very closely and may be safely regarded as the atomic weight 
of tungsten. 


[CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF THE UNIVERSITY 
OF ILLINOIS. ] 


THE NITROGENOUS CONSTITUENTS OF FLESH.' 


By H. S. GRINDLEY. 


Received June 13, 1904. 
(PRELIMINARY PAPER. ) 

THE results reported in this paper form a part of an extended 
investigation which has for its object a study of the chemistry 
of the nitrogenous constituents of the flesh of meats. The present 
knowledge of both the proteid and the non-proteid substances 
occurring in the animal body is very incomplete. The past re- 
searches upon the proteids of animal substances have been almost, 
if not entirely, confined on the one hand to the proteids of blood, 
and on the other hand to the proteids of muscle freed from blood. 
However, flesh as sold for food always contains more or less blood. 
From the standpoint of physiological chemistry, in the study of 
the chemistry of the digestion of meats, and also in the study of 
the nutritive value of foods, it is highly desirable that the present 
very limited knowledge of the nitrogenous principles of flesh, as 
they exist in meat as used for food, be increased. 

As it was impossible to find any definite data regarding the 
extent of the solubility of the different nitrogenous constituents 
of flesh in cold or hot water or in dilute solutions of acids, al- 
kalies or salts, it was deemed necessary for the future work of 
this investigation to study somewhat carefully this question. In 
the first place this was done by extracting flesh successively with 
the following reagents: Cold water, 10 per cent. sodium chloride 
solution, 0.15 per cent. hydrochloric acid solution, 0.15 per cent. 
potassium hydroxide solution and, lastly, with hot water. 


1 The expenses in connection with this research have been in part defrayed out of a 
grant from the Elizabeth Thompson Science Fund. 
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DESCRIPTION AND PREPARATION OF THE SAMPLES OF MEATS. 

Two samples of lean beef round from animals about two years 
old and one sample of cooked meat were taken. The first sample 
of raw meat was given laboratory No. 1265, the second sample was 
labeled No. 1266 and the sample of cooked meat was given lab- 
oratory No. 1267. The two last samples were from the same cut. 
The sample No. 1267 was cooked by plunging the piece of raw 
meat into boiling water, keeping it at that temperature for ten 
minutes, then gradually reducing the temperature to 85° C. and 
finally cooking it at this temperature for five hours. In preparing 
the samples for the investigation all bone, gristle and fat were 
removed and the meat was cut into strips and run through a 
sausage mill three times. A portion of each sample was air-dried 
and completely analyzed by the ordinary methods. The results 
of the analyses are given in the following table: 


TABLE I.—CHEMICAI COMPOSITION OF THE ORIGINAL MATERIAL OF 


MEATS. 

Labora- Proteid. Total 
tory Water. N X 6.25. Fat. Ash. Total. nitrogen 
No. Kind of meat. Percent. Percent. Percent. Percent. Percent. Per cent. 

1265 Beef, raw 77.%2 19.96 1.46 1.08 99.62 3.190 
1266 do 74.54 22.56 1.50 1:22 99.82 3.610 


1267 Beef, boiled 58.34 37.70 3.05 0.89 99.98 6.030 
EXTRACTION WITH COLD WATER. 

Weighed portions in duplicate of the three samples of meat 
were extracted with ice-cold, nitrogen-free water. The tempera- 
ture of the water was not allowed to rise above 10° C. at any 
time during the extraction. The mixture was thoroughly stirred 
every fifteen minutes during the extraction and the undissolved 
residue was removed by filtration. The residue, after the first 
extraction, was again treated with water as before and filtered 
a second time. The extraction with cold water was continued 
until the final extract showed that practically nothing further went 
into solution. 

METHODS OF ANALYSIS OF THE COLD WATER EXTRACTS. 

The cold water extracts were diluted to a definite volume and 
then used for the following determinations. The total quantity 
of solid matter dissolved from the meat was determined by evap- 
orating measured volumes of the aqueous solution to dryness upon 
the water-bath and then drying to constant weight in the water- 
oven. The quantities of organic matter and ash in the extracts 
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were estimated by igniting the residues from the above deter- 
minations. The total nitrogen was determined by the ordinary 
Kjeldahl method. 

The proteids coagulated by heat were estimated by heating 
measured volumes of the aqueous extracts upon the water-bath 
until the coagulum settled completely. The evaporation was usu- 
ally continued until the volume of the original solution was re- 
duced about one-half. The supernatant liquid was then carefully 
neutralized with N/1to sodium hydroxide, using litmus paper as 
an indicator. The solution was again warmed upon the water- 
bath for a few minutes, filtered and thoroughly washed with hot 
water. The nitrogen in the coagulated residue was determined 
by the Kjeldahl method. 

The albumoses were determined by evaporating the filtrate from 
the above determination to a volume of about 30 cc. and pre- 
cipitating the slightly acidified solution by the addition of zinc 
sulphate to complete saturation. The saturated solution was 
warmed upon the water-bath until it became perfectly clear, 
allowed to stand twelve hours, filtered and washed with a sat- 
urated solution of zinc sulphate. The resulting precipitate was 
Kjeldahled. 

The peptones were determined by diluting the filtrate from the 
zinc sulphate precipitate with an equal volume of water and then 
precipitating with bromine. For the time being it has been con- 
sidered that the sum of the coagulated proteids, albumoses and 
peptones, as determined by the methods briefly described above, 
represent the total proteid matter. The results of the analyses 
are given in the following table: 


TABLE II.—RESULTS OF ANALYSES OF COLD WATER EXTRACTS OF MEAT. 


Raw beef. Raw beef. Boiled beef. 
No. 1265. No. 1266. No. 1267. 
Percent. Percent. Per cent. 


Coagulable proteids.....-+-.seeeeeeeeee 2.18 2.79 0.05 
PUI UNOR ao 6:05:0 cosines siepiese sine se aces 0.08 0.24 0,12 
Peptones ee TE eee eT eT 0.03 0.03 0,10 
Total proteid matter .........+-.- 2.29 3.06 0.27 
Feira ROR a 6 6 69:66 6 4 6o 0. 61's: 0(50' vain weine 1.05 1.00 0.87 
Acid (calculated as lactic)..-.++.+++.++- 1.09 1.33 1.14 
UR 6s da ures SEGGE Sadek bee DMaPeONOt oO newe 1.14 1.25 0.85 
Total solids by summation ....... 5.57 6.64 3.13 
Total solids by direct determination 6.41 7.38 3.42 


Other substances by difference..-. 0.84 0.74 0.29 
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TABLE III.—NITROGEN RECORD OF COLD WATER EXTRACTS OF MEAT. 
Raw beef. Raw beef. Boiled beef. 


No. 1265. No. 1266. No. 1267. 
Per cent. Per cent. Per cent. 
Nitrogen as coagulated proteid.--- 0.3485 0.4454 0.0080 
Nitrogen as albumose ....------++ 0.0126 0.0387 0.0190 
Nitrogen as peptones...... cesisioiee), QLOO4S 0.0053 0.0160 
Total proteid nitrogen....-- 0.3654 0.4894 0.0430 
Nitrogen as flesh bases (direct de- 
termination ).....eeccescceess 0.3365 0.3205 0.2788 
Total nitrogen bysummation 0.7019 0.8099 0.3218 
Total nitrogen by direct de- 
CEPININALION << cee 06 00050. 0.7351 0.9175 0.3656 
Apparent loss of nitrogen 
during analysis.......--- 0.0331 0.1076 0.0438 
Nitrogen as flesh bases (by 
difference) .........-++++ 0.3696 0.4281 0.3226 


EXTRACTION WITH A IO PER CENT. SODIUM CHLORIDE SOLUTION. 

The residues from the three samples of flesh, laboratory Nos. 
1265, 1266 and 1267, after complete extraction with cold water, 
were extracted with a Io per cent. solution of sodium chloride. 
The details of the extraction were the same as used above in the 
preparation of the cold water extracts, but it was found necessary 
to make a greater number of extractions before dissolving out all 
or most of the proteids soluble in the sodium chloride solution. 

At first an attempt was made to determine the end of the ex- 
traction by evaporating a portion of one of the last filtrates to 
dryness. This method would not work well on account of the 
large amount of salt present. The biuret test, and the potassium 
ferrocyanide and acetic acid test also failed to give satisfactory 
results, as they were not sufficiently delicate. Finally, a portion 
of the last filtrates were tested for nitrogen by the Kjeldahl 
method, and this proved to be the most satisfactory method of de- 
termining the completion of the extraction with sodium chloride 
solution. When the extraction was complete, the residues remain- 
ing insoluble in the salt solution were thoroughly washed with 
water until the wash-water was free from sodium chloride. The 
wash-liquid thus obtained was added to the sodium chloride ex- 
tract and the whole diluted to definite volume. 

ANALYSIS OF THE IO PER CENT. SODIUM CHLORIDE EXTRACTS 
OF MEAT. 

The total nitrogen proteids precipitated by heat coagulation, 

proteids precipitated by acidifying the filtrate from the heat co- 
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agulation with sulphuric acid, albumoses precipitated by saturating 
the filtrate, from the precipitate produced by sulphuric acid, with 
zinc sulphate, proteids precipitated by bromine in the filtrates 
from the zinc sulphate precipitates and the nitrogen not precipi- 
tated by the above reagents were determined in the sodium chlo- 
ride extracts. A condensed summary of the analytical results js 
given in Tables IV and V. 


TABLE IV.—RESULTS OF THE ANALYSES OF 10 PER CENT. SODIUM CHILO- 
RIDE EXTRACTS OF MEAT. 
Raw beef. Raw beef. Boiled beef, 
No. 1267 


No. 1265. No. 1266. ? 1267, 
Percent. Percent. Per cent. 
Proteids coagulated by heat in neutral so- 
Leatbin RB 6 <:6:0:6:0050 Chek Se RKO eens haces 3.88 4.39 0.08 
Proteids precipitated by acids in filtrate 
PEOTIADOVE 16:c'ei010's.6:ci0's-9)iarsicreie'aiec woe “Or6d 0.85 0.05 
Proteids precipitated by zinc sulphate... 0.12 0.12 0.07 
Proteids precipitated by bromine ....... 0.09 0.08 0.04 
Proteids not precipitated by the above 
TEAGENtS - eee eeeeee oveee sesesees 0.29 0.96 0.69 


TABLE V.—NITROGEN RECORD OF 10 PER CENT. SODIUM CHLORIDE Ex- 
TRACTS OF MEAT. 


Raw beef. Raw beef. Boiled beef. 

No. 1265. No. 1266. No. 1267. 

Per cent. Per cent. Per cent 

Nitrogen as coagulated proteid .-. 0.6205 0.7015 0.0120 
Nitrogen as proteid precipitated by 

ACIDS 6000 ssc seeeseceescece 0.1029 0.1355 0.0075 
Nitrogen as proteid precipitated by 

zinc sulphate ......... see eeee 0.0192 0.0189 0.0113 
Nitrogen as proteid precipitated by 

TOPRNNASER S's ia Sdacoscn sus betas 0.0138 0.0125 0.0068 
Nitrogen as proteid not precipitated 

by the above reagents.-...... 0.0451 0.1536 0, 1104 

Total nitrogen by summation 0.8015 1.0220 0.1480 
Total nitrogen by direct de- 

TEOLIIITALION 6 !s:0.0%0:6:0/0:4,6 5% 0.8449 I. 1101 0.0886 
Apparent loss of nitrogen 

during analysis ......... 0.0434 0.0881 0.0594 


EXTRACTION WITH 0.15 PER CENT. HYDROCHLORIC ACID SOLUTION. 

The thoroughly washed residues from the samples of flesh, 
laboratory Nos. 1265, 1266 and 1267 remaining insoluble in a 
10 per cent. solution of sodium chloride, were extracted with a 
0.15 per cent. hydrochloric acid solution. The details of the ex- 
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traction were the same as used above in the preparation of the 
cold water and sodium chloride extracts. The acid extracts were 
diluted to definite volume and portions of the acid solution were 
used for the following determinations: Total solids, ash, total 
nitrogen, coagulable proteids, albumoses, peptones and nitrogen 
not cesta by the above reagents. A condensed summary 
of the analytical results is given in Tables VI and VII. 


TABLE VI.—RESULTS OF ANALYSES OF 0.15 PER CENT. HYDROCHLORIC 
ACID EXTRACTS OF MEATS. 


Raw beef. Raw beef. Boiled beef. 


No. 1265. No. 1266. No. 1267. 
Per cent. Percent. Percent. 
Proteids coagulated by heat in slightly 
acid solutions......... rere -79 2.12 1.16 
Proteids precipitated by zinc sulphate... 0.05 oO 4I 0.84 
Proteids precipitated by bromine -.----- 0.07 0.09 0.05 
Proteids not precipitated by above re- 
agents cece cece cee cece creer eeeeeeee§ OTT O.II O.14 
Total proteid =e summation...... 2.02 2-73 2.19 
Pee eTeC Tee CTS TT ETT ee CR COT 0.51 0.35 0.46 
Total solids by summation....... 3.53 3.08 2.65 
Total solids by direct determination 3.70 3.15 3.32 
Other substances by difference---- 0.17 0.07 0.67 
Total proteid, direct determination 
(total N > 6.25) eee eeee eee see 2,20 2537 2.30 


TABLE VII.—NITROGEN RECORDS OF 0.15 PER CENT. HYDROCHLORIC 
ACID EXTRACTS OF MEATS. 


Raw beef. Raw beef. Boiled beef. 
No. 1265. No. 1266. No. 1267. 
Per cent. Per cent. Per cent. 
Nitrogen as coagulated proteid--. 0,2861 0.3393 0.1842 
Nitrogen as proteid precipitated by 
zine sulphate........-.++++++ 0.0085 0.0647 0.1329 
Nitrogen as proteid precipitated he 
bromine ececcce ccc cose cece ce 0,O0107 0.0143 0,007I 
Nitrogen not precipitated by above 
TEAVENtS .--e ee eeeeer ee ceeees O.OII2 0.0152 0.0226 
Total nitrogen bysummation 0.3165 0.4335 0.3468 
Total nitrogen by direct de- 
tenminations<.6-<csee<<c0. 6/3604 0.3855 0.3669 
Apparent loss (—) or gain 
(+) of N during analysis —o.0438 +0.0480 —o0,0201 
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EXTRACTION WITH 0.15 PER CENT. POTASSIUM HYDROXIDE 
SOLUTION. 

The thoroughly washed meat residues not dissolved by treating 
with 0.15 per cent. hydrochloric acid were now extracted with 
a 0.15 per cent. solution of potassium hydroxide. The details of 
the extraction were the same as followed in the above extractions. 
The alkaline extract was diluted to a definite volume and portions 
used for the following determinations: Total nitrogen, proteids 
precipitated in slightly acid solution, albumoses, peptones and 
nitrogen not precipitated by the reagents used in the above de- 
terminations. A summary of the results is tabulated below in 
Tables VIII and IX. 


TABLE VIII.—RESULTS OF ANALYSES OF 0.15 PER CENT. POTASSIUM Hy- 
DROXIDE EXTRACTS OF MEAT. 
Raw beef. Raw beef. Boiled beef, 
No. 1265. No. 1266. No. 1267. 
Percent. Percent. Percent. 
Proteids precipitated in aightir acid so- 
lutions « 1.48 2:13 
Proteids precipitated by zinc sulphate.. 0.71 0.25 
Proteids precipitated by bromine 0.59 0.09 
Proteids not precipitated by above rea- 
gents ceeeuae ve 0.51 0.41 
Total proteid by summation..-. - 3.29 2.88 
Total proteid, direct determination 
(total N * 6.25)++-+-+-: 3.61 2.15 4.84 


TABLE IX.—NITROGEN RECORDS OF 0.5 PER CENT. POTASSIUM HypDROx- 
IDE EXTRACTS OF MEATS. 
Raw beef. Raw beef. Boiled beef. 
No. 1265. No. 1266. No. 1267. 
Per cent. Per cent. Per cent. 
Nitrogen as proteids precipitated in 
very slightly acid solution...- 0.2370 0. 3398 0.5419 
Nitrogen as proteid Eee 
by zinc sulphate 0.1125 0.0396 0.1391 
Nitrogen as proteids preci 
by bromine : z 0.0138 0.0126 
Nitrogen not precipitated by above 
reagents +s 0.0773 0.0648 0.1252 
Total nitrogen by summation 0.5212 0.4570 0.8188 
Total nitrogen by direct de- 
termination . : 0.3509 7739 
Apparent loss (— ) or gain 
(+) of N during analysis. —0.0359 +0.1061 10,0449 


EXTRACTION WITH BOILING WATER. 


In sample laboratory No. 1265 the residue insoluble in 0.15 per 
cent. potassium hydroxide solution was washed thoroughly until 
all potassium hydroxide was removed. The wash-liquid thus 
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obtained contained no nitrogen. In the other two cases, laboratory 
Nos. 1266 and 1267, the residues were suspended in water, 
phenolphthalein added and then dilute hydrochloric acid was 
added until the mixture was exactly neutral. This, of course, 
formed a dilute solution of potassium chloride, but as the meat 
had once been extracted with a 10 per cent. sodium chloride solu- 
tion it was assumed that this could bring about but little further 
change. It was with the meat in this condition that the extrac- 
tion with hot water was carried on. The details of the pro- 
cedure in the extraction with boiling water were similar to those 
used above in the case of the cold water extraction. The cold 
water extracts were diluted to definite volume and portions of 
this solution were used to determine the total nitrogen, proteids 
precipitated in slightly acid solution, albumoses, peptones, and 
nitrogen not precipitated by the reagents used in the above deter- 
minations. A summary of the analytical results is given in Tables 
X and XI. 


TABLE X.—RESULTS OF ANALYSES OF THE HOT WATER EXTRACTS OF 


MEats. 
Raw beef. Raw beef. Boiled beef. 
No. 1265. No, 1266. No. 1267 
Per cent. Percent. Percent 
Proteids coagulated in slightly acid solu- 

TIONS cscs ccccvcesvece ee ccee cecees 0.05 0.32 4.47 
Proteids precipitated by zinc sulphate... 0.01 0.19 1.63 
Proteids precipitated by bromine ....--.. 0.01 0.08 0.17 
Proteids not precipitated by above rea- 

gents eocccees Cecee ceccce ceecee cee e 0,05 0.04 O.IT 

Total proteid by summation ...... 0,12 0.63 6.38 
Total proteid, direct determination 
(total N  6.25)--eee+eeeeeeees 0.13 0.84 6.24 


TABLE XI.—NITROGEN RECORDS OF HOT WATER EXTRACTS OF MEATS. 
Raw beef. Raw beef. Boiled beef. 


No. 1265. No. 1266. No. 1267. 
Per cent. Per cent. Per cent. 
Nitrogen as proteids precipitated in 
very slightly acid solution.... 0.0083 0.0517 0.7145 
Nitrogen as proteids precipitated 
by zinc sulphate ............. 0.0020 0.0302 0.2600 
Nitrogen as proteids precipitated 
by bromine........s.eeeeeeee 0.0019 0.0113 0.0268 
Nitrogen not precipitated by above 
TEAGEMS. 0.000 cecececccccecee 0.0066 0.0065 0.0162 
Total nitrogen by summation 0.0188 0.0997 1.0175 
Total nitrogen by direct de- 
termination. «<.02.5<cc<e- 0.0206 0.1325 0.9987 


Apparent loss (—) or gain 
(¢+) of N during analysis. —o.0018 —o0.0328 -+0.0188 
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ANALYSIS OF THE RESIDUES INSOLUBLE IN ABOVE REAGENTS. 


The residues of the meats which were not dissolved by the sol- 
vents used above were air-dried and the nitrogen determined in 
the same. The nitrogen in No. 1265 = 0.1130 per cent., in No, 
1266 = 0.2171 per cent., in No. 1267 = 2.9856 per cent. of the 
original weight of the meat. Calculating from these figures the 
quantity of proteids in the residues, the following results were 
obtained. Residue No. 1265 contained 0.71 per cent., No. 1266 
contained 1.34 per cent. and No. 1267 contained 18.69 per cent. of 
proteids. 

The following table gives, in a condensed form, the percentages 
of nitrogen contained in the several extracts and insoluble residues: 


TABLE XII.—NITROGEN RECORDS OF MEATS. 


(Expressed in percentage of fresh substance. ) 
Raw beef. Raw beef. Boiled beef. 
No. 1265. No. 1266. No. 1267. 
Per cent. Per cent. Per cent. 
Total nitrogen in cold water extract 0.7351 0.9175 0.3656 
Total nitrogen in Io per cent. so- 
dium chloride solution......-. 0.8449 I. 1IOr 0.0886 
Total nitrogen in 0.15 per cent. hy- 
drochloric acid solution 0.3603 0.3855 0.3669 
Total nitrogen in 0.15 per cent. po- 
tassium hydroxide solution.... 0.5771 0.3509 0.7739 
Total nitrogen in hot water solution 0.0206 0.1325 0.9987 
Total nitrogen in undissolved residue 0.1130 0.2171 2.9856 
Total nitrogen by summation 2.6510 3.1136 5-5793 
Total nitrogen by direct de- 
termination ........++++++ 3.1900 3.6100 6.0300 
Apparent loss of nitrogen --- 0.5390 0.4964 0.4507 


The nitrogen in the several extracts and insoluble residues was 
calculated to the form of percentages of the entire amount of 


nitrogen occurring in the fresh meat and this data is given in the 


following table: 


TABLE XIII.—NITROGEN RECORDS OF MEATS. 


(Expressed in percentage of the total nitrogen in meats. ) 


Raw beef. Raw beef. Boiled beef. 
No. 1265, No. 1266. No. 1267. 
Per cent. Per cent. Per cent. 


Total nitrogen in meat by direct 
determination .. +++ 100.00 100.00 100.00 
Total nitrogen in cold waterextract 23.05 25.42 6.07 











TABLE XIII.—(Continued). 


Raw beef, Raw beef. 
No. 1265. No. 1266. 
ol- Per cent. Per cent. 
in Total nitrogen in Io per cent. so- 
Jo. dium chloride solution....... 26.49 30.76 
he Total uitrogen In 0.15 per cent. 
hydrochloric acid solution.... 1.29 10.68 
he Total nitrogen in 0.15 per cent. po- 
Te tassium hydroxide solution... 18.09 9.69 
66 Total nitrogen in hot water extract 0.65 3.67 
of Total nitrogen in undissolved resi- 
GUE ccs cusincee wee eeerewence ues 3.54 6.02 
Total nitrogen by summation 3.11 86.24 
es Apparent loss of nitrogen... 16.89 13.76 
S: 


DISCUSSION OF RESULTS. 


(1) In studying the data presented in Table II, it can clearly be 
seen that a considerable proportion of raw flesh is soluble in cold 
water. There was extracted from the raw flesh of beef round No. 
1266, 3.06 per cent. of proteid, I per cent. of flesh bases, 1.33 
per cent. of organic acids, 1.25 per cent. of ash, and 0.74 per cent. 
of other substances, making a total of 7.38 per cent. of soluble 
matter. The work upon the sample of meat cooked by boiling 
in hot water, however, shows quite different results. 
place it will be observed that the amount of total proteids and also 
the amount of coagulated proteids are much less in the case of 
the cooked meat, laboratory No. 1267, than in the raw sample, 
laboratory No. 1266, both samples being from the same cut and 
from the same animal. The total proteids in the water extracts 
of the raw samples of meat were equal to 3.06 per cent., while in 
The proteids 


the cooked meat they were only 0.27 per cent. 


coagulated by heat in the water extract of raw meat amounted to 
2.79 per cent., while they amounted to only 0.05 per cent. in cooked 
meat. The data here given also shows that the amount of flesh 


bases, acid, ash, and other substances are present in smaller pro- 


portions in the cooked meat than in the raw meat. 


Referring to Table XIII it will be seen that in one sample of 
the raw meat 23.05 per cent. of the total nitrogen existing in the 
flesh was soluble in cold water. In the other sample of raw meat 
25.42 per cent. of the nitrogen present in the raw flesh was solu- 
ble in water, while only 6.07 per cent. of the total nitrogen in the 


cooked meat was soluble under the same conditions. 
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From the figures given in Tables I and IT it will be observed 
that boiled meat is much less soluble in cold water than raw meat. 
In the boiled meat the total nutrients dissolved by cold water 
formed only 8.21 per cent. of the total nutrients existing in the 
fresh substance of the cooked meat, while in the raw meats the 
soluble nutrients formed 29.20 per cent. of the total nutrients con- 
tained in the fresh substance. 

The cold water extracts were found to be distinctly acid to 
phenolphthalein. It was found that upon boiling, and thus upon 
coagulating the albumin, that the acidity of the solution kept 
increasing. When no further precipitation of coagulated proteid 
resulted, then the solution remained neutral. This work confirms 
the conclusion reached by Halliburton, namely, that the acidity 
of a solution of muscle increases upon the coagulation of its pro- 
teids. The total acidity of the broth resulting from the cooking 
of the meat, laboratory No. 1267, was determined and the total 
acidity of the cooked meat was also determined. The sum of the 
acidity of the broth and of the cooked meat was equal to 1.84 
per cent. of the original weight of the fresh meat. The acidity of 
the raw meat was only equal to 1.34 per cent. of the weight of 
the original meat. This goes to show that in the boiling of meat 
in water, acid is produced. 

A portion of the water extract of one of the samples of raw 
meat was studied with the object of noting the influence of in- 
creased temperature upon the same. The perfectly clear solution, 
if it was either distinctly acid or distinctly alkaline, gave no co- 
agulum even upon boiling. Upon warming the neutral solution of 
the cold water extract there results a slight turbidity at 45°, a 
milkiness at 55°, and a heavy flocculent precipitate at 61° to 65°. 
At this stage the solution was filtered and the clear filtrate heated 
again. A slight turbidity appeared again at about 45° and a pre- 
cipitate formed upon boiling. It was always found necessary to 
boil the solution very thoroughly and to evaporate it to a small 
volume before the liquid holding the precipitate became clear and 
before all proteid matter, removable by coagulation, was separated. 

The apparent loss of nitrogen here and in the other extracts 
is undoubtedly due, in part, if not entirely, to the use of bromine 
as a precipitant for peptones. It is a well known fact that bromine 
acts upon flesh bases and similar nitrogenous compounds liberating 
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free nitrogen. Van Slyke’ has shown that the water extracts of 
cheese in some cases lose 44 per cent. of their nitrogen by this 
treatment with bromine. 

(2) A Io per cent. solution of sodium chloride extracts 
from raw meats have been freed from all water-soluble 
constituents, a considerable quantity of proteid matter. The 
average quantity of proteid matter thus dissolved amounts 
to 6.10 per cent. of the entire weight of the flesh. In other words, 
almost one-third of the proteid of the meat is dissolved by this 
solution from the water-extracted raw meats. In the case of the 
boiled meat only about 0.5 per cent. of proteid matter is dissolved 
by the salt solution, that is equivalent to only about one-seventieth 
of the total proteid in the boiled meat. Referring to Table XIII, 
it will be seen that in one sample of raw meat 26.49 per cent. 
of the total nitrogen existing in the flesh was soluble in the Io per 
cent. sodium chloride solution. In the other sample of raw meat 
30.76 per cent. of the nitrogen present in the raw flesh was solu- 
ble in the 10 per cent. sodium chloride solution, while only 1.47 
per cent. of the total nitrogen in the cooked meat was soluble 
under the same conditions. 

The results of the analysis of the sodium chloride extracts in- 
dicate plainly that there is present in this extract more than one 
proteid compound. Further work is now being done in this labor- 
atory which has for its object the separation and purification of 
these bodies. ; 

(3) Liebig maintained that when muscle is placed in dilute 
hydrochloric acid (0.1 per cent.) the greater part of the proteid 
matter is dissolved, to be reprecipitated when the solution is neu- 
tralized. Our work indicates clearly that the amount of proteid 
matter of meats, soluble in hydrochloric acid, depends very much 
upon the strength of the acid. A slight increase in the strength 
of the acid increases very much the quantity of proteid soluble. 
The proteid, dissolved by hydrochloric acid, was found to be pre- 
cipitated best in slightly acid solution. However, all of the proteid 
matter was not precipitated by this means. This fact seems to 
indicate the decomposition of the original proteids or else the 
presence of more than one proteid soluble in hydrochloric acid. 

The boiled meat, which gave but little soluble matter to the cold 
water and 10 per cent. sodium chloride solution, was much more 

' Chem News, 88, 92. 
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soluble in the 0.15 per cent. hydrochloric acid solution. In fact, 
the boiled meat is as soluble in this solvent as the raw meat. 

(4) The proteids in the potassium hydroxide extract were pre- 
cipitated by making the solution distinctly acid with acetic acid 
or with hydrochloric acid. It was found that no precipitate oc- 
curred when the solution was either neutral or acid beyond a cer- 
tain point. 

These results show clearly that the reagents used did not affect 
the complete precipitation of the proteids dissolved in the potas- 
sium hydroxide solution. A considerable amount of proteid mat- 
ter remained in the solution after all the different treatments. 

The data here given indicate that the proteids of boiled meat, 
while much less soluble in water and Io per cent. sodium chloride 
solution, are more soluble in 0.15 per cent. potassium hydroxide 
solution than the proteids of raw meat. 

(5) Hot water dissolves only a very small amount of matter 
from the raw meats after extraction with the above reagents, but 
it dissolved a large quantity from boiled meat which had been 
treated in a similar manner. The amount of the proteid dissolved 
by hot water and coagulated by heat in slightly acid solution is 
large and the amount of nitrogenous substances precipitated by 
zine sulphate indicates the presence of a considerable quantity of 
albumoses. 

(6) By referring to Table XII, it will be observed that the per- 
centage of total nitrogen dissolved by the various treatments, is as 
follows: No. 1265 = 96.46 per cent., No. 1266 = 93.08 per cent., 
and No. 1267 = 50.49 per cent. These figures indicate the rela- 
tively easier solubility of raw meats than of cooked meats and, in 
a measure, throw added light upon the differences in their di- 
gestibility. 

A STUDY OF THE WATER EXTRACTS OF FLESH. 


As the above preliminary experiments proved conclusively that 
at least one-fourth of the nitrogenous constituents of flesh is solu- 
ble in cold water, it seemed desirable in the next place to study, 
somewhat in detail, the nature of the water-soluble nitrogenous 
bodies. For this purpose the cold water extracts were prepared 
by treating, repeatedly, 10- to 15-gram portions of the finely ground 
flesh with small quantities of cold water. The water and meat 
were constantly stirred. The extracts were filtered. The ex- 
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traction was continued until the filtrate from the above quantity 
of flesh measured about 500 cc. A number of tests, which were 
made in order to determine if the extraction was complete under 
these conditions, proved conclusively that practically all soluble 
substances were removed by this treatment. A number of these 
extracts were prepared and then diluted to a definite volume for 
use in the determination of the total quantity of solid matter, the 
ash, the total nitrogen, the proteids coagulated by heat, the al- 
bumoses precipitated by zinc sulphate and the peptones by bromine, 
by the methods briefly indicated at the beginning of this paper. 

However, in order to get, if possible, a further insight into the 
nature of the nitrogenous constituents present in cold water ex- 
tracts of flesh and also to study and compare methods for deter- 
mining these bodies in animal substances, the following deter- 
minations were made: 

(a) Nitrogenous compounds precipitated by bromine directly 
in the cold water extracts. These substances were determined 
by completely saturating measured portions of the extracts with 
bromine after slightly acidifying with dilute hydrochloric acid. 
After allowing to stand for twelve hours the precipitate was re- 
moved by filtration and thoroughly washed with water, saturated 
with bromine. The nitrogen was determined in the residue. 

(b) Nitrogenous constituents precipitated by tannin and sodium 
chloride. The amount of such bodies were estimated by treating 
known volumes of the aqueous extracts with I gram of sodium 
chloride and a slight excess of a solution of tannin in water. 
The solutions were diluted to definite volume, allowed to stand 
twelve hours, filtered through dry filters and the nitrogen deter- 
mined in the filtrates. 

(c) Nitrogen compounds precipitated by phosphotungstic acid 
in the cold. In order to determine these substances, measured 
portions of the liquid obtained in treating meats with cold water 
were acidified with 5 cc. of 50 per cent. sulphuric acid and then 
a solution of phosphotungstic acid was added in slight excess. 
The solutions were diluted to definite volume, allowed to stand 
ten to twelve hours, filtered through dry filters and the nitrogen 
was determined in measured fractions of the filtrates. 

(d) Nitrogenous compounds separated by a hot solution of phos- 
photungstic acid. For this determination portions of the solution 
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were acidified, as above, with 50 per cent. sulphuric acid, heated 
to boiling and precipitated by the addition of a very slight excess 





Q 2 ix 

Wweh| 3 A : ‘ ; phy 

aad! « of phosphotungstic acid. The solutions were maintained at the 
boiling-point for from three to five minutes and immediately rap- 

34819 idly filtered. The precipitates were thoroughly washed with boil- 

ae ss x ing water and the nitrogen which they contained determined by 
the Kjeldahl method. 

Y vel, (e) The amount of nitrogen as ammonia or its compounds was 

g 35 3 determined by distilling portions of the water extracts with mag- 


nesium oxide or barium carbonate. 
In addition to the above determinations upon the water ex- 


MAIN 

$313 tracts a complete analysis of the meats was made, including the 
determination of moisture, fat, total nitrogen and ash. These de- 

42/2 terminations were made directly upon the fresh substance of the 

comin meats without first preparing an air-dried sample, which is the 


usual practice. 
The results of this study of the proteids of flesh, soluble in 
cold water, are given in Tables XIV, XV, XVI and XVII, which 


are sufficiently clear to explain themselves. 





S TABLE XV.—NITROGEN RECORDS OF THE COLD WATER EXTRACTS OF 
‘5 Raw MEAats. 


(Results expressed in percentage of meat taken.) 
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TABLE XV.—( Continued.) 
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Beef average. 
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Beef, round. 
No. 1662. 
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Nitrogen 
Beef, sirloin 
1649 
Beef, sirloin. 

No. 1685 
Beef, round 


No. 
No. 


Precipitated by Br 
directly 0.292 
Precipitated by phos- 
photungstic acid 
(hot) 0.177 
Precipitated by tan- 
nin and salt.. 
Precipitated by phos- 
photungstic acid 
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As free ammonia... .--- 0,006 0.0 0.011 
TABLE XVI.—NITROGEN RECORDS OF THE COLD WATER EXTRACTS OF 
Raw MEATs. 

(Results expressed in percentage of total nitrogen of meats taken. ) 
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TABLE XVII.—NITROGEN RECORDS OF THE COLD WATER EXTRACTS OF 
Raw MEatTs. 


(Results expressed in percentages of total nitrogen of cold water extracts. ) 
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Precipitated by Brin 
filtrate from ZnSO, 


precipitate ........ 2.60 0.68 0.46 0.44 1.05 1.40 2.29 1.85 
As proteid in water 
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DISCUSSION OF RESULTS. 


In studying the data presented in Table XIV it can clearly be 
seen that a considerable proportion of raw flesh is soluble in cold 
water. There was extracted by cold water from the four samples 
of beef flesh an average of 2.19 per cent. of proteid, 1.11 per 
cent. of flesh bases, 0.84 per cent. of ash and 1.93 per cent. of 
other substances, making a total of 6.07 per cent. of soluble matter. 
In the case of the two samples of veal there was extracted by 
water 2.37 per cent. of proteid, 1.17 per cent. of flesh bases, 0.96 
per cent. of ash and 1.66 per cent. of other substances, giving a 
total of 6.14 per cent. of soluble material. 
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If we consider the data regarding each individual nutrient, it 
will be observed that from 11.26 to 13.39 per cent. of the total 
proteid in the beef was soluble in water. The average for the four 
samples of raw beef shows that 12.14 per cent. of the total proteid 
was soluble. The average result for the two samples of veal shows 
that there was a somewhat greater proportion of the proteids 
soluble in water in this meat than in beef. All of the flesh bases 
and also all of the “other substances” are soluble in cold water, 
while none of the fat of the flesh enters into solution. The greater 
part of the ash is soluble in water, the average per cent. soluble 
in the case of beef flesh being 78.50, while the average for veal 
flesh is 84.96. 

The total nutrients soluble in cold water, expressed in per cent. 
of total nutrients in original meat, varies from 11.93 in laboratory 
No. 1685 to 26.55 in the case of laboratory No. 1677, the average 
for beef being 20.31 and for veal 24.54. In other words, these 
experiments indicate that one-fifth to one-fourth of the total 
nutrients of the raw flesh of beef and veal are soluble in cold 
water. 

The average results of the experiments here reported indicate 
that the solid matter obtained by treating beef flesh wih cold 
water contains 11.65 per cent. of nitrogen, 36.08 per cent. of pro- 
teid, 18.45 per cent. of flesh bases, 13.84 per cent. of ash, 31.47 
per cent. of other substances and no fat. Judging from the ex- 
amination of two samples, the cold water extract of veal con- 
tains 12.27 per cent. of nitrogen, 38.60 per cent. of proteid, 20.36 
per cent. of flesh bases, 15.63 per cent. of ash, 25.73 per cent. of 
other substances and no fat. 

Table XV gives the nitrogen data of the cold water extracts of 
the raw meats expressed in percentage of the fresh meat. The 
total nitrogen in the fresh meats varies from 2.840 per cent. in 
No. 1685, which was a fat sample of beef, to 3.470 per cent. in 
No. 1656, which was a lean sample of veal, the average amount 
of nitrogen in the beef flesh being 3.245 per cent. and in the veal 
flesh 3.350 per cent. 

The total nitrogen soluble in water formed 0.559 to 0.855 per 
cent. of the weight of the meat. The lowest result was again in 
No. 1685, and the highest was, as before, in No. 1655. Upon 
studying the results more closely it will be observed that the water- 
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soluble nitrogen bears a direct relation to the total nitrogen in 
the meat. In other words, the greater the nitrogen in the meat 
the more nitrogen there will be dissolved by cold water. The 
average nitrogen soluble in water amounted to 0.707 per cent. in 
the samples of beef and to 0.753 per cent. in the samples of veal. 

The nitrogen in the form of proteids coagulated by heat varies 
from 0.264 per cent. in laboratory No. 1662 to 0.396 per cent. in 
laboratory No. 1656, the average for beef being 0.313 per cent. 
and for veal 0.330 per cent. The albumose nitrogen precipitated 
by zinc sulphate was less than one-tenth, as a rule, of the nitrogen 
coagulated by heat. The average albumose nitrogen in the sam- 
ples of beef is equal to 0.031 per cent., while in the sam- 
ples of veal it is 0.034 per cent. The nitrogen precipitated by 
bromine in the filtrate from the zinc sulphate is, in all cases, very 
small in amount. 

The total proteid nitrogen varies from 0.290 to 0.452 per cent. 
of the weight of the meats studied, the average for the flesh of 
beef being 0.351 per cent. and for the flesh of veal 0.378 per cent. 
The non-proteid nitrogen is quite similar in amount to the proteid 
nitrogen and seems to vary as the proteid nitrogen, but it is in 
most cases somewhat less in quantity. 

It will be noticed that the nitrogen precipitated by bromine di- 
rectly, or by phosphotungstic acid in the hot solution, is, in no 
case, equal to the total proteid nitrogen. This is especially true 
of the bromine, notwithstanding the fact that it has been so gener- 
ally used lately as a precipitant for proteids. The results here 
given show clearly that bromine does not precipitate proteids com- 
pletely. 

Finally, the data given in this table indicate that there is a 
small amount of nitrogen as ammonia or ammonium salts invaria- 
bly present in cold water extracts of raw flesh. This has been 
found to be true even where barium carbonate has been used to 
remove the ammonia by distillation. 

Table XVI gives the nitrogen data of the cold water extracts 
of the raw meats, expressed in percentages of total nitrogen in the 
meats taken. The data show that from 19.66 to 24.64 per cent. 
of the total nitrogen in raw meats is soluble in cold water, the 
average in the case of the beef being 21.71 per cent. and in the 
veal 22.39 per cent. The nitrogen in the form of proteid in the 
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cold water extracts of raw meat forms from 9.38 to 13.03 per 
cent. of the total nitrogen in the fresh material of the raw meats, 
The non-proteid nitrogen in the water-soluble portion forms from 
9.48 to 11.79 per cent. of the total nitrogen in the raw flesh. 
From 0.22 to 0.62 per cent. of the nitrogen in the fresh substance 
of the meats enters the water solution in the form of ammonium 
salts. 

In Table XVII the nitrogen data of the cold water extracts of 
raw flesh are expressed in percentages of the total nitrogen in the 
cold water extract. The data show that from 39.30 to 48.48 per 
cent. of the soluble nitrogen exists in the form of compounds 
coagulated by heat. The average of the four samples of beef 
shows that 44.45 per cent. of soluble nitrogen was precipitated 
by coagulation, while in the case of the veal the average was 43.41 
per cent. From 2.63 to 8 per cent. of the soluble nitrogen was 
precipitated by saturating the filtrate from the coagulated proteid 
with zinc sulphate. By this reagent it is supposed that the albu- 
moses are precipitated. Bromine in the filtrate from the zinc sul- 
phate precipitate separates 0.46 to 2.60 per cent. of the soluble 
nitrogen. This reagent, as thus used, is supposed to precipitate 
peptones. 

It is evident from the data here presented that the nitrogen ex- 
isting in the cold water extracts of raw meats is quite equally 
divided between the proteid and the non-proteid substances. The 
average of the six samples of flesh shows that 49.74 per cent. of 
the soluble nitrogen exists as proteids and 50.26 per cent. as non- 
proteid material. 

CONCLUSIONS. 

(1) It is evident that a considerable proportion of raw flesh is 
soluble in cold water. 

(2) The data show that 12.14 per cent. of the total proteid of 
raw flesh was soluble in cold water. 

(3) Of the total nitrogen in raw meats 22 per cent. was soluble 
in water. 

(4) The nitrogen existing in cold water extracts of raw meat 
is equally divided between proteid and non-proteid substances. 

(5) The acidity of a solution of flesh increases upon the co- 
agulation of its proteids. 

(6) The proteids of cooked meat are much less soluble than 
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those of raw flesh in cold water and Io per cent. sodium chloride 
solution. 

(7) Cold water extracted 3.06 per cent. of nitrogenous matter 
from raw meats and only 0.27 per cent. from boiled meat. 

(8) A 10 per cent. solution of sodium chloride extracted from 
raw meats 6.10 per cent. of proteid matter and only 0.5 per cent. 
from boiled meat. 

(9) A 0.15 per cent. solution of hydrochloric acid dissolved 
from raw meat 2.28 per cent. of proteid and from boiled meat 2.30 
per cent. 

(10) A 0.15 per cent. solution of potassium hydroxide extracted 
from raw meats 2.88 per cent. and from boiled meat 4.84 per cent. 
of proteid. 

(11) Hot water removed from raw meats 0.49 per cent. and 
from boiled meats 6.24 per cent. proteid matter. 

(12) Of the total proteid existing in the original raw meats 
95.22 per cent. was dissolved by extracting successively with the 
following reagents: Cold water, 10 per cent. sodium chloride solu- 
tion, 0.15 per cent. hydrochloric acid solution, 0.15 per cent. potas- 
sium hydroxide solution and hot water, while only 50.59 per 
cent. of the total proteid of the boiled meat was thus made soluble. 

Much work has been done in this laboratory in endeavoring to 
separate and purify the several proteids of flesh. Encouraging 
results have been obtained and it is hoped that in the near future 
they will be put in shape for publication. In addition the several 
fractions of nitrogenous substances obtained from flesh, as above 
described by the successive treatment with cold water, 10 per cent. 
sodium chloride solution, 0.15 per cent. hydrochloric acid solu- 
tion, 0.15 per cent. potassium hydroxide solution and hot water, 
are each being subjected to a thorough cheniical investigation with 
a view of throwing some light upon their nature. 


I wish here to thank Mr. Timothy Mojonnier, M.S., who has 
ably assisted me in this research. 


UNIVERSITY OF ILLINOIS, 
URBANA, ILL. 
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DETERMINATION OF SULPHUR AND PHOSPHORIC ACID 
IN FOODS, FECES, AND URINE.’ 


By J. A. LECLERC AND W. L. DUBOIS. 


Received June 24, 1904. 

THE determination of sulphur and phosphoric acid was under- 
taken in connection with the metabolism experiments conducted 
by Dr. Wiley and Dr. Bigelow, in which twelve men were fed a 
normal diet, which, however, included an added chemical quite 
often used in foods as a preservative. As is general in such ex- 
periments, the income of foods and the outgo of waste products 
were all subjected to chemical analysis, and so far as concerns 
the authors, this investigation was confined to the analysis of all 
foods, feces, and. urine for sulphur and phosphoric acid. 

During these experiments three different methods for the de- 
termination of sulphur and phosphoric acid have been given a 
severe test: Berthelot’s calorimetric method ;? Parr’s calorimetric 
method ;* and Osborne’s sodium peroxide method.* 

The sulphur and phosphoric acid were always determined in 
the same samples of foods and feces, so that a great saving of 
time was possible. With urine, however, it was found best to 
determine phosphoric acid by the uranium acetate method, whereas 
the sulphur was determined, as in the case of foods and feces, by 
the peroxide method. 

In general, the method of procedure was as follows: A pellet 
of dried food or of feces, weighing about 2 grams, was burned 
in Atwater’s® modification of the Berthelot calorimeter in the 
presence of 20 or 25 atmospheres of oxygen and in the presence 
of moisture. The residue, after combustion, was boiled in hydro- 
chloric acid till all the phosphorus compounds were dissolved. 
This solution was added to the washings from the calorimeter, 
which contained most of the sulphur as sulphuric acid. The 
whole solution was boiled to considerably less than 200 cc., filtered 
into a 200 cc. flask up to the mark, a 50 cc. aliquot taken for the 


1 Read at the Providence meeting of the American Chemical Society. 
2 Compt. Rend., 114, P. 317. 

3 This Journal, 22, 646. 

4 bid., 24, 142 (1902). 

5 Jbid., 24, 1100 (1902). 
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determination of phosphoric acid and the remaining 150 cc. used 
for the determination of sulphur, using barium chloride as the 
precipitant. 

With the Parr calorimeter only 1 to 1.25 grams of finely ground 
dried food or feces were used. ‘This was placed in the Parr 
cartridge, 10 to 15 grams sodium peroxide added, the cartridge 
closed and thoroughly shaken. When satisfied that the substance 
and the sodium peroxide were intimately mixed, the cartridge 
was placed in water up to the narrow part and a red hot iron 
wire was introduced through the valve. Immediately combustion 
took place and after cooling, the contents of the cartridge were 
transferred to a beaker by means of hot water, the solution acidi- 
fied with hydrochloric acid, the excess of peroxide boiled off, and, 
in the case of foods, the solution was filtered to 200 cc. and, as 
above described, 50 cc. taken for a phosphoric acid determination, 
while the remaining 150 cc. served for that of sulphur. 

In the case of feces, however, a slight modification was used. 
After boiling off the peroxide the solution was made up to 300 cc. 
(filtering rarely necessary) and 50 cc. taken for the phosphoric 
acid determination. To the remaining 250 cc. in the flask am- 
monium hydroxide was added in order to precipitate the phos- 
phates, the solution again made up to 300 cc and a 250 cc. aliquot 
filtered for the sulphur determination. It was found necessary to 
remove the phosphates, as otherwise some of them were very apt 
to become occluded with the barium sulphate. 

The Osborne method is fully described in this Journal,’ but 
in the hands of an inexperienced person is rather difficult and 
treacherous. We have used nickel crucibles of 100 cc. capacity. 
To 10 cc. water in the crucibles about 10 to 12 grams of sodium 
peroxide were added (avoiding an excess) and 4 grams meat or 
other fresh substance, or 2 grams dried food or feces were added 
to the peroxide solution. The crucibles were then allowed to 
stand on a steam-bath till the excess of water had evaporated, 
and then placed over the low flame of an alcohol lamp, heating the 
crucible very gradually, especial care being exercised when the 
substance became frothy not to have the flame hot enough to 
cause the frothy mass to ignite. This requires constant watching 
and for this reason the method is tedious in the extreme. When 


! This Journal, 24, 142. 
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the frothy mass finally subsides, the flame is gradually raised till 
the mass in the crucible begins to show signs of fusion. The 
crucible is then removed from the flame, allowed to cool a bit, 
and more sodium peroxide added, and the crucible again heated. 
When, finally, an addition of a small amount of peroxide to the 
hot fusion produces no more action, the combustion is complete. 
The crucible is allowed to cool, hot water added, and the fused 
mass transferred to a beaker, the solution acidified with hydro- 
chloric acid, and treated exactly as described in the preceding 
method. 

The following are some of the comparative results, the figures 
representing the percentage of sulphur in the foods or feces. 


Substance. Berthelot. Osborne. Parr. 
Cream of wheat.......... 0.161 0.144 
ee) eae 0.249 0.27 
Pork chopS....-++seeeee es 0.245 0.269 
Veal cutlets ..... eeoeeeeee 0.247 0.332 
Roast beef. .ccccccccceces 0.218 0.271 
Ice cream ..+ esecesseees 0.030 0.030 
Oysters -sseseeeeeeeeeees 0.164 0.193 eee 
Bread No. 1, dried....... sees 0.160 1.61 
Bread No. 2, dried....... saris 0.152 0.162 
Bread No. 3, dried....... saree 0.167 0.154 
Bread No. 4, dried.....-. 0.142 0.178 wiesere 
Potato, dried ...........- sees 0.128 0.137 
Chicken. «.esee cccccs cece 0.247 0.329 eee 
BiG His easiest sausuwuestesra's 0.139 0.185 : 
RIAA nics odessa sewes ee #000 0.279 0.262 
Substance. Laboratory No. Berthelot. Osborne. Parr. 
Dried feces........- 102 re 0.582 0.593 
“6 RS coats ara era ere gI03 seas 0.611 0.583 
ts Ry oisacrmog! wots gIo4 sees 0.591 0.600 
“ Me etbiaterusaseraiis gI05 0.548 o 588 0.578 
sh OE scrareataseveioes g106 0.585 0.682 0.679 
ne St dercorsioscons 9107 0.511 0.600 0.579 
ee Ove we eens gI109 0.480 0.573 0.562 
sg MF  eeeiemavne 9055 0.469 O.511 see 
~ $5 aecees cee 9060 0.527 0.540 
ie ES. eieteleie emis go78 0.558 0.603 see 
4 OS ceeweiese 9089 sees 0.496 0.487 
i oS SGeawewes 9195 eeee 0.529 0.524 
ne SE sceteleiseaniere g060 coes 0.540 0.515 
oH Somsinsciets go88 sees 0.562 0.594 
es ae swaweies o's go5I 0.573 veee 0.627 
es OS ocorasais are g052 0.513 eoee 0.620 
“ RS esinioneiirere 9057 0.431 tees 0.527 
es ae 9058 0.616 eves 0.661 


a OE” nsneie Ginter 9059 0.483 sees 0.627 
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From the above results it can readily be seen that something 
is at fault with the Berthelot calorimetric method as used by us. 
One cause of these low results by this method seems to be in the 
action of the nitric acid (formed in the combustion of foods and 
feces) on the lead gasket of the calorimeter, producing lead nitrate, 
which, in the presence of sulphuric acid in a dissociated state, 
forms lead sulphate. This is seen as a white layer or powder on 
the exposed surface of the gasket. No doubt, had it been possible 
and practical to remove, each time, this lead sulphate and to deter- 
mine its amount, the results of this method would have been 
in closer agreement with those of the other methods. As this 
would have entailed fusion with sodium carbonate, and as the 
estimation of sulphur in the presence of lead is by no means an 
easy task, it was decided to use the Osborne method exclusively 
for our sulphur determinations. 

While the results obtained by the Parr method are, for the 
mast part, in close agreement with those of the Osborne method 
yet, because of the small amount of substance which could be 
burned at one time, it was difficult to obtain good duplicates, and, 
therefore, it was decided to discontinue using this method, thougt: 
we believe that with certain modifications (e. g., making a car- 
tridge large enough to burn 2 to 3 grams substance) it would 
prove itself as reliable as, and much more practical than, the 
Osborne method. 

The sulphur in urine was determined throughout the experi- 
ment by the Osborne method. For this determination a smaller 
amount of water and a correspondingly smaller amount of sodium 
peroxide were placed in the nickel crucible, then 20 cc. of urine 
added by means of a burette. The solutions were allowed to stand 
on the water-bath till the excess of water was driven off, then 
burned over an alcohol flame, as previously described. This is a 
very rapid and satisfactory method for urine combustion, and if 
the precaution be taken to evaporate the excess of moisture, very 
little or no frothing is experienced. 

Recently Barlow’ has published a method for sulphur deter- 
minations, which, he claims, gives absolute results. Thus far we 
have been unable to give it a trial, and whether it will prove all 
that is claimed for it and, at the same time, be practical in making 
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the large number of determinations, per day, necessary in some 
investigations, remains to be shown. 


PHOSPHORIC ACID. 


(a) Determination of phosphoric acid in foods and feces. 

(b) Determination of phosphoric acid in urine. 

(a) After combustion phosphoric acid was determined by the 
official volumetric method! with the following modification: In- 
stead of heating to from 60° to 65°, precipitating and filtering 
after fifteen minutes, precipitation was made in the cold and the 
solutions allowed to stand at room temperature over night. In 
this way precipitation is complete and the close watchfulness nec- 
essary to prevent separation of molybdic acid by heating to too 
high a temperature is avoided. After filtering and washing about 
twelve times with cold water, the last 50 cc. being tested with a 
drop of standard alkali to ascertain the absence of acid, titration 
was conducted as usual. 

Combustions were made by the three methods described above. 
A large number of comparative results were obtained, some of 
which are tabulated below. Generally speaking, one method seems 
to give as accurate approximations to the truth as the others. It 
proved more difficult, however, to obtain good duplicates when 
using the Atwater calorimeter, thereby necessitating the frequent 
repetition of analyses. The Parr calorimeter was more satis- 
factory in this respect, while Osborne’s method, as used by us, was 
most pleasing of all, seldom requiring a triplicate combustion. 


TABLE OF COMPARATIVE RESULTS OBTAINED WITH THE BERTHELOT, OS- 
BORNE, AND PARR METHODS. 


Dried __ Berthe- Os- Ber- 

feces. lot. borne. Osborne. Parr. thelot. Parr. 

Num- Per ct. Per ct. Num- Peret. Perct. Num- Perct. Per ct. 
ber. P2035. P2.O;. ber. P.O;. P2O;. ber. P.O;. P2O;. 


9062 7.41 7-34 9053. 8.73, 6.93 9059 8.26 8.33 
gI04 5.10 5-35 9054 4.70 4.60 9106 4.83 4.98 
gIoo = 55.95 6.03. 9055. 7-27, 7.20 QI07-— 7.43 43 
go96 5-53 5.48 9060 5.56 5.55 g108 6.14 32 
(b) Phosphoric acid in urine was determined by titrating with 
a standard solution of uranium acetate, using potassium ferro- 
cyanide as indicator. The method is that given in Hammersten’s 
Physiological Chemistry,? with the exception that 50 cc. of urine 


1 Bull. 46, revised, Bureau of Chemistry, Dept. of Agr.. p. 14. 
2 Hammersten’s ‘‘ Physiological Chemistry,” pp. 514-515 ; Sutton's ‘‘Volumetric Anal- 
ysis,”’ 8th edition, pp. 315-316. 
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were diluted with 100 cc. of water before heating and titrating. 
A number of comparative titrations showed that the use of un- 
diluted urine gives low results. 

This modified method was compared with the official volumetric 
method for phosphoric acid and found to give concordant results. 
Combustions for the official method were made by the Osborne 
method. 

Of the 46 samples of urine analyzed by the uranium acetate, 
and the official volumetric methods, the results obtained on 6 
samples were identical; one sample showed a maximum difference 
of + 0.015 gram P,O,, the mean of all the results being + 0.004 
gram P.O, in I00 cc. urine. 


{CONTRIBUTION FROM THE BIOCHEMIC DIVISION, BUREAU OF ANIMAL IN- 
DUSTRY, U.S. DEPARTMENT OF AGRICULTURE. ] 


ESTIMATION OF NICOTINE IN PRESENCE OF PYRIDINE. 
By JAMES A, EMERY. 

For several years past the writer has made examinations of 
tobacco powders and extracts submitted by manufacturers 
throughout the United States to the Bureau of Animal Industry 
for the endorsement of that Bureau, as to whether certain require- 
ments, recommended by the United States government, were be- 
ing complied with in regard to the percentage of nicotine present 
in their products. For the dipping of sheep for scab the dips 
now approved by the Department of Agriculture are ‘““The Tobacco 
and Sulphur Dip,” and “The Lime and Sulphur Dip.” 

The regulations, as established for the first named dip, require 
that it shall be “made with sufficient extract of tobacco or nicotine 
solution to be a mixture containing not less than five one- 
hundredths of one per cent of nicotine and 2 per cent. of sulphur.” 

For the convenience of stockmen, transportation companies, and 
others, who were compelled by the regulations as cited in the 
Bureau of Animal Industry, Order No. 108, to use a dip, certain 
manufacturers in the various States have prepared highly con- 
centrated extracts of tobacco, containing varying percentages of 
nicotine to be diluted according to the directions accompanying 
them, so that the resultant liquid will conform with the require- 
ments of the government demand. 
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These concentrated extracts have been submitted, from time 
to time, by the manufacturers for analysis as to the percentage 
of nicotine contained in them, and, until of late, all volatile bases 
distilling with steam in the ordinary Kissling process were cal- 
culated as nicotine. Recently, however, it was found that manu- 
facturers of some of these concentrated preparations were fortify- 
ing their product with pyridine, thereby increasing the apparent 
amount of nicotine, as indicated by the usual process of its esti- 
mation. It became necessary, therefore, to devise some method 
by which, in mixtures of the two bases, the true percentage of 
nicotine present could be estimated. 

As the two bases are so closely allied in their chemical behavior, 
the problem of estimating one in the presence of the other pre- 
sented considerable difficulty. 

As it is well known that pyridine is unaffected by treatment 
with chromic or fuming nitric acids, such means being employed 
to free it from aniline and other impurities of a like character, 
the attempt was made to destroy the nicotine in a similar manner, 
after first determining the amount of volatile bases present, and 
from the results to calculate the percentage thus decomposed. 
The attempts, however, was unsuccessful, as it was found that 
a large percentage of nitrogenous bases, which were volatile with 
steam, resulted from this decomposition, thereby interfering with 
the result. The action of strong hydrochloric acid and crystals 


of potassium chlorate was next tried, but similar difficulties were 


encountered. 

As solutions containing nicotine are known to affect polarized 
light, an attempt was made along this line to effect a method of 
determination. Solutions of pyridine were found to be optically 
inactive and as a result a method, which will be described later, 


for the accurate determination of nicotine was devised. At the 
same time a fairly accurate determination of the pyridine may be 


made by subtracting the nicotine figure found, from the total vola- 

tile bases, as determined by the Kissling process. The rotary power 

of nicotine has been used by Propovici as a basis for its quantita- 

tive estimation.t In his method the nicotine is extracted from the 

tobacco by Kissling’s process, and the ether extract treated with 

a rather strong solution of phosphomolybdic acid in nitric acid,. 
1 Zischr. phys. Chem., 13, 445 (1889). 
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shaken, and the ether poured off from the quickly subsiding pre- 
cipitate. To this precipitate is then added sufficient water to 
bring it to a given volume, and the nicotine obtained as a free 
base in alkaline solution by adding barium hydroxide and shaking 
frequently for several hours. The solution is then poured off 
from the yellow precipitate and polarized, and the resulting 
reading in minutes compared with a table obtained from experi- 
ments with known amounts of nicotine in solution. 

According to Pribram’ the value of Sd at 20° for pure nicotine 
is —I61.55°.? 

The rotation diminishes rapidly, but irregularly on dilution. 
In a 4 per cent. solution the value of Sd was —77.03°, while below 
this strength an increase was observed, Sd being -—79.32° for a 
solution containing 0.8826 per cent. nicotine. In the same article 
it is stated that the rotation is affected by time, not reaching its 
maximum for forty-eight hours. 

In the solutions with which the accompanying experiments 
were made by the writer, the percentage of nicotine did not exceed 
1.5 per cent., and with a sugar scale reading to tenths, the degree 
of rotation of solutions containing varying small percentages of 
nicotine has been directly proportional to the amount of nicotine 
contained. The rotating power of a solution of nicotine (about 
0.5 per cent.) was taken, but no change was noted after several 
days. The method which has been employed for estimating nico- 
tine in the presence of pyridine, and which depends, as previously 
stated, upon the rotary power of nicotine, is as follows: 

Weigh out, in a small beaker, about 5 grams of the tobacco ex- 
tract, or 20 grams of dry, finely powdered tobacco. To this add 
10 cc. of a solution containing 6 grams of sodium hydroxide in 60 
cc. of go per cent. alcohol and 40 cc. of water, followed, in the case 
of the tobacco extract, by a sufficient quantity of dry chemically 
pure calcium carbonate to form a moist but not lumpy mass. The 
whole is well mixed and transferred to a Soxhlet extractor and ex- 
tracted with ether for five hours. The ether is evaporated at a low 
temperature on the steam-bath, care being taken that the last por- 
tion is not heated sufficiently to volatilize the nicotine or pyridine. 


1 Ber. d. chem. Ges., 20, 1840. 

2 Attention should be called to the error in Allen’s ‘Commercial Organic Analysis,” 
Vol. III, Part II, 2nd edition, page 180, in which the value Sd of —161.55° is given for a 20 
per cent. aqueous solution of nicotine, and a value Sd of —79.32° for a solution of nicotine 
of 0.8826 specific gravity. 
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To the residual liquid in the extraction flask add 50 cc. of an 
approximately N/1o sodium hydroxide solution and transfer to 
a round-bottomed flask of about 300 cc. capacity, by means of 150 
cc. of water. Distil in a current of steam, passing the vapor through 
a well-cooled condenser, the condensing tube being allowed to dip 
in a small amount of water in the receiving flask. A three-bend 
outflow tube is used and a few pieces of pumice stone or broken 
glass, and a small piece of paraffin added to prevent bumping and 
frothing. 

The rate of distillation and passage of steam through the liquid 
in the flask should be so regulated that when 400 cc. to 450 cc. 
of distillate are collected the amount of liquid left in the distilla- 
tion flask shall not exceed 10 cc. to 20 cc., when all nicotine will 
have passed over. The distillate is now made up to a volume of 
500 cc. with distilled water, and aliquot portions taken for titration 
against standard acid, using methyl orange as an indicator. This 
is the regular Kissling method, and gives the total volatile bases 
extracted by ether. The following method was then used for 
estimating the nicotine present: A solution of chemically pure 
nicotine of approximately I per cent. strength is made, and an 
aliquot portion carefully titrated against acid of known strength 
(N/5 hydrochloric acid), using methyl orange as an indicator, 
and the percentage of nicotine it contains definitely established. 
A separate portion of the same solution is then placed in a 40 cm. 
tube, and its rotation in terms of the sugar scale determined. By 
dividing the percentage of nicotine found above by the reading 
on the sugar scale, the value of 1° of the scale in terms of per 
cent. of nicotine is established, and the figure so obtained can be 
used as a factor in all determinations of nicotine made, providing 
the same polariscope is used. A portion of the distillate from the 
treatment of the powder or extract by the Kissling process, as 
given above, is placed in the 4o cm. tube and its degree of polari- 
zation noted. From this reading the percentage of nicotine in the 
solution can be calculated, using the value of 1° of the sugar scale 
as previously determined. By multiplying this percentage by 5 
the amount of nicotine in the whole distillate is obtained, and 
can be calculated back to the original amount of powder or ex- 
tract used. Now, if the total amount of nicotine found be ex- 
pressed in terms of N/5 acid, and the number of cubic centimeters 
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thus indicated be subtracted from the amount of N/5 acid re- 
quired to neutralize the entire distillate (as calculated from the 
titration of an aliquot portion), a fairly accurate determination 
of pyridine (if present) can be made. 

In case a rapid method for the estimation of the nicotine alone 
is desired, the tedious process of extracting by ether, etc., is ob- 
viated by proceeding as follows: A weighed amount of the sam- 
ple is rendered alkaline with 50 cc. of approximately N/1o soda 
and transferred to a round-bottomed flask of about 300 cc. capac- 
ity with 150 cc. of distilled water. The whole is then subjected 
to distillation in a current of steam in the usual manner, and the 
distillate made to a volume of 500 cc. A portion of the distillate 
is then placed in a 40 cm. tube and a polariscopic reading taken. 
The result, calculated on the value of 1° on the sugar scale, as 
previously established for chemically pure nicotine, will give the 
amount present in the total distillate, from which the percentage 
of nicotine in the sample taken can be obtained. In tobacco ex- 
tracts, especially, this modification yielded very satisfactory re- 
sults, but in tobacco powders, although the figures compared 
favorably, some difficulty was experienced, as it was almost im- 
possible to reduce the volume of liquid in the distillation flask 
sufficiently without causing considerable bumping and splashing 
of the wet powdered substance contained in it; the result, as com- 
pared with a determination made by treating another portion of 
the same sample of tobacco powder by the Kissling process, and 
then determining the nicotine in the distillate by use of the polari- 
scope, was slightly lower. 

Experiment 1.—(a) A solution containing 1.2334 grams of 
chemically pure nicotine in 100 cc. of water was prepared. A 
portion of this solution in a 40 cm. tube gave a reading of —11° 
on the sugar scale, which represents 1.233 per cent. of nicotine, 
or 0.112 per cent. for each degree of rotation. 

(b) A solution was prepared containing 2.021 grams of chem- 
ically pure nicotine in 100 cc. of distilled water. Ten cc. of this 
solution was made to a volume of 50 cc. A portion of this last 
solution, containing 0.404 per cent. nicotine in a 40 cm. tube, gave 
a reading of —3.6° on the sugar scale, which is equivalent to 
0.112 per cent. for 1°. 

Experiment 2.—(a) 2.5275 grams of a sample of tobacco ex- 








1118 JAMES A. EMERY. 


tract were next taken and carried through the regular Kissling 
process, the final distillate being made to a volume of 500 cc. 
A portion of this distillate in the 40 cm. tube gave a reading of 
—4° on the sugar scale. Now, as determined in Experiments 1 
and 2, each degree of sugar scale is equivalent to 0.112 per cent. 
of nicotine; therefore, —4° would mean that the distillate con- 
tained 0.448 per cent., or 2.24 grams of nicotine, and this, calculated 
back to the weight of the sample taken, gave a percentage of 88.6 
per cent. 

By the titration of a portion of the distillate against N/5 hy- 
drochloric acid, as in an ordinary Kissling determination, a pet- 
centage of 89.73 of nicotine was obtained. 

(b) 3.125 grams of the same sample of tobacco extract were 
carried through the regular process and the distillate made to 
500 cc. A portion of this distillate gave a reading of —4.95°, 
or 0.554 per cent. of nicotine, equivalent to 2.772 grams in the 
total distillate, which, calculated back to weight of sample taken, 
gave 88.7 per cent. of nicotine. By titration of a portion of dis- 
tillate as in the Kissling process, 89.4 per cent. nicotine was shown. 

Experiment 3—(a) To 1.470 grams of same tobacco extract 
as that used in Experiment 2 (a and b) a solution containing 
1.066 grams of pyridine was added. The mixture was then car- 
ried through the usual Kissling process and the distillate made 
to 500 cc. A portion of this distillate gave a reading of —2.32°, 
which, upon calculation, gives 0.26 per cent. of nicotine, or 1.30 
grams in distillate, equivalent to 88.4 per cent. in weight of sam- 
ple taken. A portion of this distillate was titrated against stand- 
ard acid, the required amount in cubic centimeters of acid was 
noted, and the number of cubic centimeters equivalent to 1.30 
grams of nicotine subtracted. The figure thus obtained, calcu- 
lated to pyridine, gave 0.968 gram, or about oI per cent. of the 
original amount added. (Jn this experiment the flask containing 
the ether extract was evidently heated sufficiently to volatilize a 
small amount of the pyridine. In Experiment 3 (b), which fol- 
lows, the ether was driven off with extra precaution as to the loss 
of pyridine. ) 

(b) 1.3025 grams of extract were taken and a solution of py- 
ridine containing 0.3989 gram added. This mixture was then 
treated as in (a) and the distillate gave a reading of —2.05°, or 
88.3 per cent. nicotine. The pyridine in the distillate was also 


7 








NODES 























NICOTINE IN PRESENCE OF PYRIDINE. IIIg 


calculated as in (a) and gave 0.3969 gram, or 99.2 per cent. of 
pyridine recovered. 

Experiment 4.—(a) Twenty grams of tobacco powder were 
treated according to the Kissling method and the distillate made 
to 500 cc., as usual. A portion of this distillate gave a reading 
of —1.4°, or an equivalent of 0.1568 per cent. or 0.784 
gram of nicotine in total distillate, which is equivalent to 3.92 
per cent. of the powder. 

Titration of another portion, as in an ordinary Kissling method, 
gave 4.25 per cent. 

(b) Twenty grams of the same powder gave a reading corre- 
sponding exactly to the reading in (a), the percentage of nicotine, 
therefore, being identical w:th. (a). 

Titration of another portion of this distillate, as in an ordinary 
Kissling method, showed 4.30 per cent. 

Experiment 5.—1.7148 grams of an extract of tobacco contain- 
ing 1.5175 grams of nicotine were added to 2.5365 grams of a 
solution containing 0.5036 gram of pyridine. This mixture, which 
contained 35.7 per cent. nicotine and 11.8 per cent. pyridine, was 
well shaken and 2.524 grams taken for analysis. It was treated 
in the usual way and the distillate made to 500 cc. A portion in 
the 40 cm. tube gave —1.6°, corresponding to 35.5 per cent. 
nicotine contained in the mixture. The pyridine, as determined by 
titration of a portion of distillate, etc., was found to be 10.8 per 
cent. 

Experiment 6.—5.017 grams of a tobacco extract, treated as in 
the Kissling process and the distillate made to a volume of 500 cc., 
gave a reading of —3.5° on the sugar scale, corresponding to 
39.07 per cent. nicotine contained in the sample. 

By titration of another portion of the distillate, as in an ordinary 
Kissling method, 40.3 per cent. was obtained. 

Experiment 7.—5.076 grams of the same sample of tobacco ex- 
tract as that used in Experiment 6 were transferred to a 300 cc. 
round-bottomed flask by means of 150 cc. of distilled water. 
Fifty cc. of approximately N/10 sodium hydroxide were added and 
the whole subjected to distillation with steam in the usual manner. 
The distillate was made to 500 cc. 

A portion in the 40 cm. tube gave a reading of —3.5°, or a 
percentage in the sample of 38.61 per cent. nicotine. 


WASHINGTON, D. C., March 15, 1904. 








THE ELECTROLYTIC ASSAY OF COPPER CONTAINING 
ARSENIC, ANTIMONY, SELENIUS, AND TELLURIUTS1. 


By GEORGE L. HEATH. 
Received June 24, 1904. 


THE percentage of the principal metal in matte, pig, anodes and 
refined copper is determined in technical laboratories either by 
titration or electrolysis, and the methods should be suited to the 
character of the material treated. Although a quick titration 
may be preferred for low-grade ores and mattes, it does not permit 
as close work, according to the writer’s experience, on 99 to 
100 per cent. copper. The margin of difference between the 
standard and sample is too narrow, and possible errors in titra- 
tion are too large to permit results accurate within a limit of 
error of 0.05 per cent. on “converter” or 0.01 per cent. on “re- 
fined” copper. 

The complete deposition of copper may be proved by testing 
I cc. of the copper solution with hydrogen sulphide water on a 
porcelain tile. 

0.005 mg. of dissolved metal in 1 cc. will impart a distinct brown 
tint and electrolysis is thus theoretically and practically an abso- 
lute method, yielding the total metal in metallic form for exact 
weight. 

The impurities commence to deposit generally after some 
hours, when the solution has become colorless, while the deposition 
of the last traces of copper, particularly from the solution of a 
5-gram sample, is not complete for several hours, until some hy- 
drogen is evolved from the cathode and most of the free nitric 
acid present has been converted to ammonium sulphate. 

From this fact the old, oft quoted test, which directs that the 
dish or beaker shall be filled up a little and the color of the upper 
portion of the plate noted after a short interval, must be condemned 
as not accurate, at least for concentrated solutions. 

If the electrolytic assay can be made applicable to impure 
copper, it will permit closer agreement and more absolute work, if 
accuracy is desired rather than saving of time. 

A. H. Low! devised a method for the volatilization of arsenic 
only, from ores by means of a solution of sulphur in bromine. 
1 Peters’ ‘‘Copper Smelting,’’ 7th edition, p. 52. 
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The writer? succeeded in removing antimony with the same re- 
agent, applied to the chlorides, and by subjecting the residue to a 
high heat. The operation is too tedious and offensive to be 
practical. 

It is very unfortunate that the many experimenters on electrolytic 
separations have taken such small quantities for their published 
researches. In practical technical work the necessity of secur- 
ing a fair sample makes the selection of at least 0.5 gram of matte 
and generally from 1 to 5 grams of copper an imperative necessity. 

Duplicate 5-gram samples of refined metal ought to check within 
0.02 per cent., and the allowable error in the weighing alone may 
be assumed as 0.01 per cent., and 0.0001 gram on the scales. 

In theory this requires a sample of 5 grams to permit work 
within the above specific limits of error. 

E. F. Smith? describes a method for the electrolysis of arsenical 
copper in ammoniacal solution. The principle has been variously 
modified by Smith, Oettel, Riidorff and McCay. 

The writer will describe another modification and three original 
methods, devised in order to adapt the principle of electrolysis to 
any class of copper produced by refineries. 

The beaker is 5.4 cm. (2% inches) in diameter and about 12.7 
cm. (5 inches) high, and is always kept covered with split glasses 
to prevent loss by spattering.* The writer always deposits the 
silver with the copper. Before weighing a sample of drillings a 
strong magnet should always be passed carefully through the 
drillings to remove iron. 

Annoying discrepancies between “chemists may have been partly 
due to neglect of this precaution. 


METHOD I. 


Details.—The following process is adapted to the assay of metal 
containing arsenic and antimony, but less than 0.01 per cent. of 
nickel plus cobalt plus zinc, which would be at least partially 
deposited. 

Dissolve 5 grams of refined metal (or 1 gram of low-grade 
material) in 20 cc. of strong chemically pure nitric acid (or 


1 Trans. A. 1. M. E., 27, 962, 978 (1899). 

2 “#lectrochemical Analysis,” edition 1890, page 93. 

8 All directions apply to assays made with a long-stemmed cylindrical cathode, made 
by bending a sheet, 5 cm. (2 inches) high and 1ocm. (or 4 inches) wide, into a cylindri- 
cal form, and for calculation of current density both sides of plate are included. 
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10 cc. for I gram copper) and evaporate at a gentle heat 
with 10 cc. concentrated sulphuric acid until the residue is 
white and smells sweet, or free from nitric acid. Dissolve in 
70 cc. of distilled water, add 1 cc. nitric acid and just suffi- 
cient excess of ammonia to redissolve the basic copper and 
form a clear alkaline solution. Cover the beaker and electrolyze. 
As soon as the solution is colorless, wash down covers and sides 
of the beaker with a fine jet. When the cathode commences to show 
bubbles of hydrogen, remove I cc. of solution with a medicine 
dropper to a porcelain tile and test, first acidifying with a drop of 
dilute sulphuric acid. The time may be much shortened by the 
employment of a very high initial voltage, 3.8, and amperage, 
N.D.,9,= 2.5, for about six hours, or until the solution takes a paler 
purple color and the copper starts to rapidly deposit. Then lower 
current gradually to N.D.,), = 0.35; V = 2.5.1 The check results 
given are on a copper (A) containing 0.260 per cent. of arsenic 
and traces of antimony and show the agreement which can be 
obtained in spite of the segregation of irnpurities possible in such 
material: 99.63 per cent.; 99.64 per cent.; copper (+ silver). 
Time, sixteen to eighteen hours. 

The chemists of the International Nickel Co. are understood 
to have proved that the platinum anode spirals will not be ap- 
preciably attacked by ammonia if old, very soft, and pure wires 
are selected. 

METHOD II. 

This method may be used for copper containing only traces of 
antimony and less than 0.02 per cent. arsenic, but large amounts 
of selenium or tellurium. 

Dissolve the sample of copper in nitric acid, as previously di- 
rected, and evaporate with 6 cc. of sulphuric acid until the residue 
is white. Dissolve in 60 cc. of water and wash into a lipped beaker, 
placing the first beaker under a funnel fitted with a 3 cm. filter. 
Heat solution nearly to boiling and saturate with a current of 
sulphur dioxide for ten minutes. The gas must be free from 
chlorine, generated from refined copper and pure’ sulphuric acid. 
Settle over night, filter into the original beaker and wash with a 


1 A peculiar condition is produced by the passage of a strong current for several 
hours through a saturated ammoniacal copper solution. 

The copper will not deposit toany extent until the metal is apparently reduced toa 
colloidal condition or metallic solution. 

At this stage, ifthe solution is acidified with sulphuric acid, a heavy precipitate of 
ted, metallic copper is immediately thrown down. 
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little hot water. Boil off the sulphurous acid. Ignite the filter 
in a porcelain crucible to a red heat, redissolve the residue in 1.5 
cc. nitric acid, wash into the copper solution and electrolyze. 
Have the final volume of the solution sufficient to cover the elec- 
trode—about 120 cc. Current N.D.,o9, 0.3 to 0.4 ampere; voltage, 
2.2; time, thirty hours; results are accurate; check samples (B) 
of a seleniferous pig copper assayed 99.78 and 99.79. A sample 
of only 1 gram will evidently require much less time for elec- 
trolysis. 





METHOD III. 


For Metal Carrying Over o.ot Per Cent. Antimony and Other 
Elements.—The details of this method were worked out by Mr. 
A. W. Senter and involve more personal manipulation, but will 
accomplish the removal of much antimony in addition to the other 
impurities. 

Dissolve the copper and evaporate with sulphuric acid as usual. 
Redissolve in 70 cc. water and add a measured quantity of a solu- 
tion of pure nitrate of iron (I cc. = 0.01 gram of metallic iron). 
For I gram of copper use I cc. ferric nitrate, or 3 cc. for 5 grams 
of metal. Wash into a lipped beaker and place original beaker 
under a funnel, fitted with a small paper filter. Precipitate the 
iron from the hot solution with ammonia, filter and wash out 
salts. Place the solution on a hot plate to concentrate, reprecip- 
itate iron from dilute sulphuric acid solution, preserving the fil- 
trate, dissolve the iron again and pass hydrogen sulphide gas. 
Filter on the same filter, extract with a very little hot, dilute sodium 
sulphide, pouring it back and forth through the filter. Ignite 
filter and contents in a porcelain crucible, redissolve in 1.5 cc. of 
strong nitric acid and add to the main solution, which has been 
acidified with sulphuric acid and diluted, or concentrated, to the 
proper final volume. Results: Sample (A), 99.64; sample (B), 
99.78. Current N.D.,,,, 0.35 to 0.45 ampere. Voltage, 2.2 to 2.4. 
Time, about thirty hours for 5 grams of metal. 


METHOD IV. 


The principle of this has just been discovered as the result of 
various experiments to find a salt which would prevent deposition 
of arsenic and antimony. 

It is rapid and accurate in its proper field and peculiarly adapted 
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to several commercial brands of copper containing much arsenic, 
but not over 0.005 or, at most, 0.01 per cent. of antimony. In 
the latter case, te avoid contamination of the large cathode, 
the last traces of copper had better be taken out with a narrow 
I inch cathode, if antimony commences to show on the copper. If 
much selenium or tellurium are present with the excessive ar- 
senic, remove them first by Method II. Dissolve 5 grams of 
copper in nitric acid, dilute to 50 cc., and add only 3 cc. of 
concentrated sulphuric acid. Add ammonia until a slight per- 
manent precipitate forms and redissolve this by exactly 1 cc. of 
sulphuric acid (sp. gr. 1.84) to prevent deposition of nickel or 
zinc. Now stir in dry, powdered, chemically pure ammonium 
nitrate (free from traces of chlorine) until the solution is thor- 
oughly saturated and a little remains undissolved. Electrolyze 
with a current N.D.,,) = 0.7 ampere, and 2.7 to 2.8 volts for twelve 
hours, then reduce to 0.5 ampere. The total time for a 5-gram 
sample is about thirty hours. Test as usual with hydrogen sul- 
phide water. Any trace of copper witl show at once; arsenic a 
little later. Results: Sampie (A), 99.64 per cent. In presence 
of 0.1 per cent. antimony, black plate, 99.88 per cent. 

After removing the large cathode, test the solution with a small 
cathode, if the end-point is doubtful. If the solution is too acid, 
the copper will not deposit properly, but a trace of free acid is 
necessary. 

Less time and chemicals should be allowed for in any of thes: 
methods, if only 1 gram of copper is taken for the assay. 

One or the other of the plans devised may be selected so as to 


permit accurate control work with any brand of metallic copper. 
HUBBELL, MICHIGAN. 
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Ir was been clearly demonstrated in recent years* that valuable 


1 From the author’s thesis for the Ph.D. degree. 

2 Gibbs : Chem. News, 42, 291; Gibbs: Am. Chem. /.. 13,571; Luckow: Zéschr. anal. 
Chem., 25, 113; Vortmann: Ser. d. chem. Ges., 24, 2749; Drown and McKenna: /. Anal. 
Chem., §,627; Smith: This Journal, 25, 883; Coehn and Kettembeil: Z¢schr. anorg. 
Chem., 38, 198 ; Kettembeil : Zéschr. anorg. Chem., 38, 213. 
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electrolytic determinations and separations of metals are possible 
with the aid of a mercury cathode. 

The purpose of the present investigation was to extend this 
method to elements which had never been studied under such con- 
ditions. The results have been most satisfactory and will doubt- 
less be helpful to the analyst. 

The decomposition cell used by Smith consisted of a small 
beaker (50 cc. capacity), on the side of which, near the bottom, 
was introduced a thin platinum wire.t. This wire was in contact 
internally with the mercury, contained in the beaker, and ex- 
ternally with a copper plate, upon which the beaker rested during 
electrolysis. The copper plate being connected with the negative 
electrode of a battery, the mercury became the cathode. 

Six cells of the above form were used in this investigation. 
They were of three sizes, designated as Nos. 1, 2 and 3. The 
largest, No. 1, was 8.5 cm. high and about 3.5 cm. in diameter. 
It held 70 cc. when filled to within 1.5 cm. of the top, and the 
upper suface of its mercury content, approximated closely to 10 
sq. cm. in area. Cell No. 2 was 8 cm. by 3 cm.; it held about 45 
cc. and had a mercury surface of 7 sq. cm. Cell No. 3 also had 
a mercury surface of 7 sq. cm., but held only 35 cc., as it was only 
6.5 cm. high. It is to be understood that these cells were used 
interchangeably in the work which follows, unless special men- 
tion is made to the contrary, as under chromium and molybdenum. 
Therefore, the dilution, except in special cases, was not an im- 
portant factor, and varied within wide limits. The beakers, Nos. 
I, 2 and 3 weighed 22, 26 and 20 grams; hence when filled so 
that the gross weight was between 95 to 100 grams, they ccn- 
tained anywhere from 70 to 80 grams of mercury. 

In order to insure similar conditions in the weighing of the 
mercury, before and after the deposition, it was first washed with 
water, alcohol and ether, as described below, before the original 
tare was taken. Watch crystals should be used to cover the cells 
when carrying them to and from the balance room, as minute 
globules of mercury are readily detached, even by the motion 
produced in walking. Too much stress cannot be laid upon this 
point, and if due precaution is observed, the experimenter will not 
be troubled by losses, which seem unaccountable. 

The time necessary for a deposition varied from five to twenty- 
1 This Journal, 25, 887. 
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four hours, depending on the amount of metal to be deposited.? 
When the necessary time had elapsed for the deposition, the acid 
liquid was siphoned off, distilled water being added as the 
level dropped to the spiral of the anode. When the ammeter needle 
returned nearly to zero, the washing was interrupted. 

The washing and drying were accomplished as follows: The 
cell was filled one-third full with water and was rotated around 
its longitudinal axis after the latter had been tilted 45° to the 
vertical. By this means the whole surface of the mercury, as well 
as the whole inner surface of the cell, was completely freed from 
the last traces of the electrolyte. This operation was repeated 
with two or three changes of water. Alcohol was then substituted 
for water, the first washings being discarded. The mercury was 
then treated three times with ether. Absolute alcohol and ether, 
though preferable, are not absolutely essential. After five to 
ten minutes the odor of ether disappeared from the cell. It was 
then cleaned externally by means of a cloth and the moisture from 
the breath. The final traces of ether and moisture were removed 
by allowing the cell to remain in a desiccator over sulphuric acid 
for a period of fifteen minutes. In order that the cell might come 
to the temperature of the balance case, it was allowed to remain 
for five minutes on the balance pan, before weighing. 


DETERMINATION OF CHROMIUM. 


Text-books on electrochemical analysis make no mention of 
the estimation of the element chromium. It has never been deter- 
mined electrolytically. When it was found that a solution of 
chromium sulphate, slightly acidulated with sulphuric acid, yielded 
its chromium to a mercury cathode, it was hoped that a method for 
the quantitative estimation of this metal might be secured. Further 
investigation proved that this could be accomplished. A solution 
of chromium sulphate (Merck), containing 0.1080 gram of chro- 
mium per each 10 cc., was used as the stock solution. The con- 
_ ditions and results are given in Table I. The wash-waters gave 
no evidence of the presence of chromium, even after concentration. 


1 When fourteen hours is given asthe time used for a deposition, the precipitation 
was made during the night, and really consumed only about four hours of the operator’s 
time. 
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TABLE I.—DETERMINATION OF CHROMIUM. 





= Tv waa Conditions. 
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I 0.1080 0.1079 2 2 3 0.3 7 0.55 5.5 
2 0.1080 0.1080 I 3 14 0.3 z 0.55 5-5 
3 0.2160 0.2157 I 4 14 0.4 7.5 0.7 6 
4 0.2160 0.2160 I 4 0.4 7.5 0.7 6 
5 0.3240 0.3235 I 8 30 0.7 7 2 6.5 
6 0.3240 0:3222) 6 30 0.65 7 a5 8 


The initial voltage and amperage are given to the left in the 
table. The acid liberated during the course of the electrolysis 
caused the potential to fall and the current to rise to the final 
voltage and amperage, shown to the right. Chromium amalgam 
decomposes quite readily, especially in contact with water, metallic 
chromium appearing ,as a fine black powder on the surface of 
the mercury. Hence, it was found advisable to wash the amalgam 
as rapidly as possible. The same portion of mercury should not 
be used for more than one decomposition. It is the hope of the 
author that this ready decomposability of chromium amalgam can 
be used in the preparation of chromium of a high degree of 
purity, as all other metals liable to be present would be soluble in 
nitric acid. This point will receive further investigation 

Experments 5 and 6 were added to the table to show that 
under favorable conditions 0.3 gram of chromium could be taken 
up by the 75 grams of mercury used in a cell of this size. Trouble 
was experienced, however, in washing an amalgam of this 
strength, the chromium appearing on the surface of the mercury 
before the necessary washing had taken place. The low result 
in Experiment 6 was due to loss of chromium in the wash-water. 
The appearance of oxide of chromium in the electrolyte indicates 
the presence of an insufficient amount of acid for the current used. 
In such a case a new decomposition should be started, more acid 
or a lower current being used. A fairly anhydrous alcohol was 
found to be preferable in washing chromium. 


SEPARATION OF CHROMIUM FROM ALUMINUM. 
The separation of chromium from aluminum in a gravimetric 


1 Some chromium floated off in wash-water (see discussion). 
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way is not all that could be desired, and no electrolytic method 
whatever has been offered. Upon electrolyzing a solution con- 
taining a mixture of chromium and aluminum sulphates, the 
metallic chromium will be deposited as such in the mercury, the 
aluminum remaining in solution. Jt may then be determined in 
the usual way. Thus both the chromium and aluminum can be 
weighed directly. A stock solution of aluminum sulphate was 
prepared, containing 0.1421 gram of alumina per each 10 cc. 

The aluminum in the wash-water from depositions Nos. 1 and 2 
was precipitated with ammonia and weighed as oxide, with the 
usual precautions. 

The initial voltage and amperage are given to the left of the 
last column of Table II. The current strength was gradually 
increased as the decomposition progressed and was raised to the 
values, given to the right in the table, during the last hour or 
two. The precautions given under the Determination of Chro- 
mium were observed here. ‘That is, the amalgam was washed 
rapidly with fairly anhydrous alcohol and ether, and no more than 
0.2 gram of chromium was deposited in a cell containing 75 
grams of mercury. Reference to Table II shows that chromium 
and aluminum can not only be separated when present in nearly 
equal quantities, but also when a preponderance of either one is 
present. 


TABLE II.—SEPARATION OF CHROMIUM FROM ALUMINUM. 





°=1 eo) = 5 an Conditions. 

S = g s ae “ - 

g & g 5 o Og 

a, 4 ee 5 eS 
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E Bt = i cE we 2 og es * 

i} ad re) oo £ ue Ea Of ow OL a n 8 w 

as =a sa sé - S&S ss = = = = 

a ae aon a OO Oo BMY FO i=} fo) = () 

2) 3) < < ZO aes) < > < > 
I 0.1080 0.1080 0.1421 0.1423 I 6 14 0.35 6 0.8 6.5 
2 o.1080 o.108I 0.1421 0.1426 2 4 «14 0.3 6 0.8 6.5 
3. 0.0108 0.0107 0.2842 sees I 6 2 0.3 ce WOg AF 
4 0.0108 0.0107 0.2842 ites) <3 5 1% 0.3 5-5 0.85 7.5 
5 0.2160 0.2162 0.0142 esate) SE 26) Sag 0.6 6 Lo. 25 
6 0.2160 0.2158 0.0142 coe EF IS 414 0.4 8 I 7.5 


SEPARATION OF CHROMIUM FROM BERYLLIUM. 


Chromium was also separated from beryllium in an analogous 
manner, the sulphate of beryllium yielding nothing to the cathode 
of mercury. The stock solution of berryllium sulphate contained 
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0.0818 gram of oxide per each 10 cc., and was free from iron 
and other elements which would enter the mercury under the 
conditions existing during the electrolysis. As indicated in Table 
III, a wide variation in the time necessary for this separation is 
permissible without injury to the deposit. No deleterious effects 
were produced by the prolonged action of the current, even for 
a period of ten hours after the metal was completely deposited. 
This statement is not restricted to this separation alone, but ap- 
plies in general to all depositions made by the author, with the 
mercury cathode. 


TABLE III.—SEPARATION OF CHROMIUM FROM BERYLLIUM. 
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I 0.1080 0.1079 0.0818 I 4 14 0.3 6 3.5 5 
2 0.1080 0.1078 0.0818 I 4 4.5 0.3 6 3:5 5 


DETERMINATION OF MOLYBDENUM. 

The element molybdenum is ordinarily precipitated by the cur- 
rent on the cathode as the black hydrated sesquioxide from solu- 
tions of sodium molybdate acidulated with sulphuric acid. This 
hydrated sesquioxide must be dissolved from the platinum dish 
in nitric acid and evaporated carefully to dryness and weighed 
as molybdenum trioxide. It was found that an aqueous solution 
of molybdenum trioxide, acidulated with sulphuric acid, when 
electrolyzed with a cathode of mercury, gave up its molybdenum 
completely, a brilliant white amalgam being formed. It thus be- 
came possible to weigh molybdenum directly as a product of the 
electrolysis. Experimentation proved that a solution of sodium 
molybdate, acidulated with sulphuric acid, could be substituted 
for the aqueous solution of the trioxide, with like results. Ac- 
cordingly, a stock solution of sodium molybdate was prepared 
containing 0.0950 gram of molybdenum per each Io cc. Portions 
of this were electrolyzed with the results and the conditions given 
in Table IV. 

All depositions which could not be completed in seven or eight 
hours were run during the night with a current of about 1.5 am- 
peres. It is not advisable to use a current of more than 2 am- 
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peres in the presence of a large amount of sulphuric acid, as the 
latter, under the influence of the heat which is developed, seemed 
to exert a slight solvent action on the mercury cathode. The 
drops of sulphuric acid given in the table were of such size that 
five measured exactly 0.2 of a cubic centimeter in volume. The 
use of too high a current for the amount of acid present was also 
attended by the formation of a lower oxide, which precipitated 
out, and spoiled the decomposition, as it was insoluble in dilute 
acid. 
TABLE IV.—DETERMINATION OF MOLYBDENUM. 








g Conditions. 
& ~ 
— eo 
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3 C«‘S a oo8 
= ° Oe x A ¥ ¢ 
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I 0.0950 3 I 14 1.2 6 1.6 6.5 (2 hrs.) 
2 0.0946 3 13 22 1:2 6 1.6 6 (2 hrs. ) 
2 0.1906 2 30 18 1.6 BS Ea F (4 hrs.) 
4 0.1903 2 25 20 1.6 55 1.4! 7 (4 hrs.) 


SEPARATION OF MOLYBDENUM FROM VANADIUM. 


A solution of sodium vanadate, acidulated with sulphuric acid, 
was electrolyzed; the vanadium was reduced to a brilliant blue, 
but no increase was observed in the weight of the mercury. A 
stock solution of sodium vanadate was then prepared, containing 
0.1002 gram of vanadium to each 10 cc. Portions of this solution 
were removed by means of a pipette, as usual. The same sodium 
molybdate solution was used as under the Determination of 
Molybdenum. The conditions favorable for the separation of 
molybdenum from vanadium are given in Table V. As indicated 
in Experiments Nos. 3 and 4 in Table IV, also in Experiments 
Nos 3 and 4 in Table V, it was found best to neutralize a portion 
of the sulphuric acid present with potassium hydroxide, after all 
but the last traces of molybdenum had been deposited. Large 
amounts of the acid seemed to exert a retarding influence upon 
the precipitation of the last traces of molybdenum. On the other 
hand, the neutralization must not be carried too far, as an oxide 
of vanadium appeared at the anode, when insufficient acid was 
present. When the molybdenum was completely deposited, the 
solution was blue in color and not green; this served as a signal 


1 Some chromium floated off in wash-water (see discussion). 
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for the interruption of the current. The values given in Table V 
are for molybdenum and vanadium, and not for their oxides. 
An attempt was made to show that the method was applicable 
when 0.0095 gram of molybdenum was present with 0.2 gram 
of vanadium, but after many trials the idea was abandoned, as 
a vanadium solution of this concentration seemed to prevent the 
complete deposition of the molybdenum. The method would, 
doubtless, work with these proportions, provided that a decom- 
position cell of double the capacity were used. 


TABLE V.--SEPARATION OF MOLYBDENUM FROM VANADIUM. 
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I 0.0950 0.0950 0.1002 2 20 20 1.6 65 1.5 5.5 3 hrs.) 
2 0.0950 0.0940 0.1002 3 20 18 2 5 I 5 (3 hrs. ) 
3 0.1900 0.1895 O.0fcO 2 30 18 IG 45 Hs’ 6 (3 hrs.) 
4 0.1900 0.1887 o.0100 2 30 20 4 45 §2 §:5 (3 hRse) 


SEPARATION OF IRON FROM THE RARE EARTHS. 


Wolcott Gibbs* in the year 1883 first deposited iron, using a 
mercury cathode. The decomposition of the iron salt was com- 
plete, as the presence of that metal could not be detected in the 
wash-water. 

Drown and McKenna? separated iron from aluminum and phos- 
phoric acid. Smith® in his paper “On the Uses of a Mercury Cath- 
ode in Electrochemical Analysis” described methods for the sepa- 
ration of iron from uranium, titanium, zirconium and thorium. 
Following a suggestion given in the latter paper, experiments 
were undertaken to determine the possibility of a separation of 
iron from rare earths. Preliminary trials disclosed the fact that 
the sulphates of the earths gave nothing to the mercury, when 
electrolyzed under conditions suitable for the deposition of iron. 
Accordingly, a stock solution of ferrous sulphate was prepared, 


1 Neutralized with caustic ‘potash to 15 drops of sulphuric acid and then run under 
final conditions for time given. 

2 Neutralized with caustic potash to 20 drops of sulphuric acid and then run under 
final conditions for time given. 

3 Am. Chem. J., 13, 57! 

4 This Journal, 28, 888. 

5 J. Anal Chem., §, 627. 
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one drop of sulphuric acid (sp. gr. 1.832) being added for every Io 
cc. of the solution. The average of five volumetric determinations 
of the iron content of 10 cc. of this solution gave 0.1056 gram of 
metallic iron. The following results were obtained by electrolysis, 
using the mercury cathode: 0.1057 gram, 0.1055 gram, 0.1058 
gram, 0.1057 gram, 0.1055 gram, 0.1056 gram and 0.1055 gram 
of iron. The wash-waters gave no tests for iron with sodium 
sulphide. The deposition of iron with a mercury cathode pre- 
sented no difficulty whatever. The various cells, which have been 
previously described, were used interchangeably in the following 
separations. The dilution, therefore, was not an important factor. 
Wide variations in the current density produced no marked effect, 
except in the time necessary for the deposition. The iron amalgam 
washed easily and showed no such tendency to throw off metal 
in a fine state of division, as was observed with the chromium 
amalgam. After weighing a deposit of iron it was unnecessary to 
replace the amalgam in the cell with pure mercury before starting 
a new deposition. as the same mercury can be used repeatedly for 
successive depositions. 

The earths available for this work were cerium, lanthanum, 
praseodymium, neodymium and yttrium, most of which were pre- 
pared by Shapleigh of the Welsbach Company. Stock solutions 
of the sulphates were prepared, and sulphuric acid added where 
necessary to prevent the formation of basic salts. 

A glance at the following tables will show that satisfactory 
separations of iron from each of the earths were obtained. As 
no difficulties were encountered, and as the tables express all that 
is necessary for the successful application of the method, no further 
discussion is necessary. 


TABLE VI.—SEPARATION OF IRON FROM CERIUM. 
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I 0.1056 0.1055 0.0635 8 14 0.8 6 I 5-5 
2 0.1056 0.1058 0.0635 8 14 0.8 6 I 5.5 
3. 0.0105 0.0103 0.1905 20 6 0.6 4.5 I 5 
4 0.0105 0.0106 0.1905 20 6 0.6 4.5 I 5 
5 0.2112 0.2112 0.0064 3 14 0.4 8 0.8 6 
6 0.2112 0 2113 0.0064 3 14 0.5 8 I 7 
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TABLE VII.—SEPARATION OF IRON FROM LANTHANUM. 
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I 0.1056 0.1057 0.0432 5 6 0.6 6.5 08 7 
2 0.1056 0.1053 0.0864 = 4 0.4 8 0.8 8 
3. 0.0105 0.0103 0.1728 6 14 0.4 “5 OG ¢ 
4 0.0105 0.0101 0.1728 7 14 o'4 7.5 0.0 °¢ 
5 0.2112 0.2116 0.0129 4 0.4 6 r2 § 
6 0.2112 0.2112 0.0129 zs A 0.4 6 1.4 8 
TABLE VIII.—SEPARATION OF IRON FROM PRASEODYMIUM. 
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I 0.1056 0.1055 0.1200 5 5% 05 6:5 1! 7 
2 0.1056 0.1056 0.1200 5 14 0.5 6 1.2 9.5 
3 0.0105 0.0104 0.2400 7 5 0.6 6 oS 7 
4 0.0105 0.0105 0.2400 6 5 0.6 7 OS 25 
5 0.2112 0.2113 0.0160 4 14 0.4 6 ra” 3 
6 0.2112 0.2104 0.0160 4 14 0.4 6 E2 § 
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6 0.2112 0.2112 0.0145 3 14 0.4 Gs 2 9 
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TABLE X.—SEPARATION OF IRON FROM YTTRIUM. 
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I 0.1056 0.1054 0.0320 6 14 0.5 6 0.8 7 
2 0.1056 0.1056 0.0320 6 6 0.6 6.5 08 7 
3 0.0105 0.0105 0.1280 10 6 0.6 6 0.8 6 
4 0.0105 0.0104 0.2080 12 4% 0.8 6 Iz 7 
5 ©2112 0.2112 0.0032 3 14 0.4 a I 6 
6 0.2112 0.2111 0.0032 3 14 0.4 - I 6 


SEPARATION OF IRON FROM VANADIUM. 


It was quite probable that a separation of iron from vanadium 
could be obtained. 

The results given in Table XI show this to be the case. 
The same difficulty was encountered here as under the separation 
of molybdenum from vanadium, when 0.2 gram of the latter was 
present. Just as 0.2 gram of vanadium prevented the complete 
deposition of a small amount of molybdenum, so here it prevented 
the complete deposition of 0.0105 gram of iron. As suggested 
under molybdenum, the use of a larger cell or the division of the 
solution will overcome the difficulty. 


TABLE XI.—SEPARATION OF IRON FROM VANADIUM. 
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2 0.1056 0.1051 0.1002 13 14 0.6 7 I 9 
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SEPARATION OF IRON FROM BERYLLIUM. 


From the fact that chromium can be separated from beryllium 
there was every reason to suppose that iron could be separated 
from beryllium also. As 'shown in Table XII, the results were 
highly satisfactory. For the purpose of further demonstrating 
that the element remaining in the wash-water was in a suitable 
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condition to be estimated, ammonia was added in each case and 
the beryllium hydroxide ignited to oxide and weighed. The re- 
sults given are not selected results, but are consecutive deter- 
minations, 

TABLE XII.—SEPARATION OF IRON FROM BERYLLIUM. 
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2 0.1056 0.1059 0.0818 0.0820 2 a5 Ff 0.8 6.5 
3 0.0105 0.0105 0.1636 0.1633 2 4% 06 8 0.8 8 
4 0.0210 0,0208 0.1636 0.1630 2 14 06 68 0.8 8 
5 0.2112 0.2113 0.0082 0.0082 2 4 O4 6h 22 7 
6 o252 0.2112 0.0082 0.0083 2 I4 OA ‘OS 3.2 a 


SEPARATION OF IRON FROM ALUMINUM. 


Drown and McKenna’s separation of iron from aluminum was 
confirmed by a number of experiments. In the opinion of the 
writer it is the best separation of these metals extant. 


A NEW VOLUMETRIC METHOD FOR THE DETERMINA- 
TION OF LEAD. 


By ErRIc JOHN ERICSON. 
Received July 7, 1904. 


Last year Messrs. Walters and Affelder described their scheme? 
for the analysis of bronzes and bearing metals, with particular 
attention to a new volumetric method for lead. While trying 
that method the writer encountered the same difficulty as with 
Low’s iodometric method for copper, viz., uncertainty of end-re- 
action and, besides, a tendency to too low results. 

However, the idea to oxidize lead to peroxide by means of am- 
monium persulphate in an alkaline solution is excellent and is 
adhered to in this method up to the point of filtering, which takes 
place without acidifying, thus removing iron along with.the lead, 
washing with dilute ammonia (1:5) until the blue color, due to 
copper, disappears from the filter and finally four or five times 

1 This Journal, 25, 632. 
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with hot water. Chlorides and sulphates are not permissible, ex- 
cepting sulphates resulting from the decomposition of the per- 
sulphate. Manganese interferes, of course. A small amount of 
iron is harmless, but a large quantity would hinder complete oxi- 


dation. 

Having obtained the lead peroxide, it occurred to the writer 
to endeavor to determine the lead in a manner somewhat analogous 
to Julian’s! method for manganese, viz., by dissolving in a meas- 
ured excess of acidulated hydrogen peroxide and titrating the 
excess with potassium permanganate, according to the following 
equations : 

(a) PbO, + H,O, + 2HNO, = Pb(NO,), + 2H,O + O,. 
(b) 5H,O, + 2K MnO, + 6HNO, = 


2KNO, + 2Mn(NO,), + 8H.O + 50 
hence 2KMnO, = 0, = = SPD 
5Pb 





As the theoretical factor, oe = 1.851, gives too low results, 


the empirical factor, 1.92, has been chosen, giving results agreeing 
closely with the standard gravimetric method, as follows: 
High lead brass. 





Gravimetric 


as sulphate. New volumetric. 


Per cent lead. method. 
9.80 9.76 
9.88 9.80 7 
assitete 9.87 9-85 
“a 9.98 


To test wine the accuracy of the method, a standard solu- 
tion of lead nitrate was made up by dissolving 2 grams dried 
normal lead carbonate in nitric acid and diluting to a liter. The 
lead carbonate contained 76.93 per cent. lead, against 77.52 theo- 
retically. This is the average of three determinations as sul- 
phate, which happens to check exactly with the calculated per- 
centage of lead from expelling the carbon dioxide by ignition 
(16.35 per cent.). 


Standard lead nitrate taken. 
cc. Gram lead. 


Found. 
Gram lead. 








5 = 0.00769 0.00768 
10 = 0.01539 0.01574 
50 = 0.07693 0.07642 

100 = 0.15386 0.15360 
0.25344 


0.25387= 99.83 per cent. 
1 This Journal, 15, 113 
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The method is less suitable to high percentages of lead, owing 
to the tendency of the peroxide to go through the filter, thus often- 
times necessitating refiltration. It will also be advantageous to 
standardize the potassium permanganate solution against standard 
lead nitrate rather than calculate the lead factor from the iron 
value. 

SOLUTIONS REQUIRED. 


(1) Hydrogen Peroxide.—Suitable strength for low percent- 
ages of lead: goo ce. distilled water; 50 cc. nitric acid, concen- 
trated ; 15 cc. hydrogen peroxide, U. S. P. 

(2) Standard Potassium Permanganate Solution.—Dissolve 
1.139 grams (theoretically 1.1324) to every liter of water and 
standardize against pure iron wire or lead solution, as suggested 
above. One cc. equals 0.00290 gram iron = 0.00384 lead. This 
is also a convenient strength for titrating small amounts of iron, 
manganese and lime. 

If the solution were to be employed for lead exclusively, a 
strength of 0.005 gram lead per cubic centimeter would be pre- 
ferred. 

Applying the method to brasses and bronzes the scheme is as 
follows: Dissolve 1 gram drillings in 15 cc. nitric acid, sp. gr. 
1.28 (2 parts acid o1 sp. gr. 1.42 to I of water), and boil slowly 
till about 6 cc. remain, then add 100 cc. water, boil and allow to 
settle. Filter on double 9 cm. Munktell’s filter, No. 0, and wash 
with 2 per cent. nitric acid solution, dry, ignite and weigh the tin 
dioxide as usual. If phosphorus is present, determine the amount 
and make correction. 

To the filtrate from tin add 25 cc. strong ammonia and grad- 
ually 3 to 4 grams of solid ammonium persulphate (Merck’s) and 
boil for five minutes: allow to settle and filter on a double 9 cm. 
filter with pulp and using suction. Wash first with dilute am- 
monia (I part to 5 of water) to remove copper and zinc from the 
filter, then with hot water four or five times. Transfer the filter 
with precipitate to the beaker in which precipitation was made, 
and add, with a pipette, 25 cc. hvdrogen peroxide solution, stir 
with a glass rod and bring the solution in contact with any lead 
peroxide adhering to the side of the beaker. When all or nearly 
all dark particles disappear, add 20 cc. nitric acid (sp. gr. 1.28) 
and 150 cc. water. Stir again, and when all is dissolved titrate 
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with standard potassium permanganate solution until pink color 
appears. For instance: 


ce. 
If 25 cc. hydrogen peroxide blank require 18.5 standard pot. permang. 
And sample requires .....-+--seeeeeeees 10.2 
AM OEETNES 6 ioe 56/6, inscinsa:6ca awa Wereaewe 8.3 
Then 8.3 X 0.002 & 1.92 K 100 = «-eeee- 3.19 per cent lead. 


As mentioned above, iron is precipitated along with the lead, 
but does not interfere. It can be determined by filtering off the 
suspended filter-paper after the lead titration, adding 10 cc. con- 
centrated hydrochloric acid, precipitating with ammonia, redis- 
solving in dilute hydrochloric acid and determined volumetrically ; 
or, if in exceedingly small amounts, colorimetrically, after v. Kéler 
and Lunge,’ modified. 

The ammoniacal filtrate from lead and iron is neutralized with 
dilute sulphuric acid with an excess of only a few cubic centi- 
meters, heated to boiling and the copper precipitated with sodium 
thiosulphate; 30 to 40 cc. of a 20 per cent. solution generally 
suffices. Filter on an 11 cm. filter and wash with hot water. Re- 
dissolve the cuprous sulphide in dilute nitric acid (sp. gr. 1.20), 
filter and determine copper electrolytically; or dilute to 100 cc., 
pipette off 25 cc., neutralize nearly with ammonia and precipitate 
as cuprous sulphocvanide, according to Parr’s method.* Use N/5 
potassium permanganate solution. This is the best volumetric 
method for copper that the writer has tried. Using Parr’s factor, 
however, the results were somewhat lower than the electrolytic, 
but on applying the latest atomic weight for iron,® viz.,* 55.88 
in calculating the copper factor, the results were very satisfactory. 
Thus one obtains the copper factor by multiplying the iron value 
of the permanganate by 0.1626, against 0.1602, recommended bv 
Parr. 

To the filtrate from the cuprous sulphide is added 15 cc. con- 
centrated hydrochloric acid, the solution is boiled until sulphur 
has separated out, filtered and the zinc is titrated, while the solu- 
tion is warm, with standard potassium ferrocyanide, using uranium 
nitrate as indicator. 


1 Zettschr. angew. Chem., 1894, 669. 

* This Journal, 22, 685, and 24, 580. 

3 Kiister’s ‘‘ Logarithmische Rechentafeln fiir Chemiker,”’ 1902. 
4 This Journal, 26, 239. 
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To apply the method to lead sulphide ores it will be necessary 
to convert into the carbonate,’ dissolve in dilute nitric acid and 
peroxidize as directed above. 

To our chief chemist, Mr. William Brady, the writer is in- 
debted for valuable suggestions and for permission to publish this 
method. 


LABORATORY OF ILLINOIS STEEL Co., 
SouTH CHICAGO, ILL. 


THE PHOTOMETRIC DETERIIINATION OF SULPHUR IN 
COAL. 
By S. W. PARR AND C. H. MCCLURE. 
Received July 20, 1904. 

THE use of sodium peroxide as an oxidizing agent for the sul- 
phur of coal has received considerable attention, but the violence 
of the reaction has brought disfavor upon the method. However, 
by means of a closed bomb, as in the Parr calorimeter, there has 
been fully demonstrated the practicability of using sodium per- 
oxide for this purpose. Indeed, over two years ago Mr. Milton 
Hersey, of Montreal, Canada, in a communication to the author, 
reported the very satisfactory use of the residues from the cal- 
orimetric process for gravimetrically determining the sulphur. 
Later articles by Sundstrom? and by von Konek* have advocated 
the same method. 

Coupling the sodium peroxide method of arriving at a com- 
bustion with the photometric method proposed by Mr. Hinds,* 
there seem to be possibilities well worth investigating. 

The work with the photometer, however, either as outlined by 
Mr. Hinds, or as elaborated by Mr. Jackson,® was not found 
satisfactory. A careful study was made of the variable elements 
that entered into the method. The method prescribed a candle 
of standard power, maintained at a definite distance from the 
bottom of the graduated tube in which was read the depth of 
liquid through which the outline of the candle flame could be 
seen. It was soon found that the strength of the light had little 
to do with the matter. <A stronger light would illuminate the 


! Furman’s ** Manual of Practical Assaying."’ page 139. 
* This Journal, 25, 184. 
’ Ztschr. angew. Chem., 1903, Pp. 517. 
* This Journal, 23, 269. 
[bid., 23, 799. 
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liquid to a corresponding degree and cause the outline of the candle 
flame to disappear at about the same depth as a lesser light with 
a less illumination of the liquid. As between a common candle 
and a forty candle-power acetylene light there was no marked 
difference. Indeed, the greatest difference was noted when the 
diffused light was cut out by diaphragms, in which case the 
light could be seen through a greater depth. An extreme illus- 
tration of this fact was afforded by completely blackening an in- 
candescent light bulb and then cleaning a small spot to show a 
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short length of the glowing filament. This bit of filament, which 
afforded no illumination to the liquid, could be seen through a 
very much greater depth than was the case with an ordinary 
candle, though its power was far below the standard. Other dis- 
turbing conditions related to the method of precipitation, whether 
hot or cold, whether the barium salt was added in the solid or 
the liquid state, whether readings were made at once, or on stand- 
ing, or whether precipitations made in the cold were subsequently 
heated or not. The control of the conditions regarding the light 
has been accomplished with a greatly modified apparatus in the 
following manner, as shown in Fig. 1. 
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The tube, graduated in millimeters, is placed in a common flask 
having a little clear water in the bottom. The flask is placed on 
a square of glass resting on a carbon plate about 5¢ of an inch 
thick and having a 4 inch hole in the center. The glass prevents 
the condensation of moisture on the bottom of the flask. The 
carbon plate is adjusted about Io inches above the flame of a 
common candle. It will be noticed that the reading tube has a 
round bottom. ‘This is carefully blown, of clear glass without 
flaw, and ground on the outer surface, the whole, when immersed, 
playing the part of a lens. By this arrangement, together with 
the diaphragm effect of the hole in the carbon plate, a pencil of 
light is secured with the minimum amount of illumination being 
imparted to the liquid. Moreover, instead of the varving and 
indefinite outline of a candle flame there appears a steady com- 
pact point of light. The end reading is thereby rendered sharp 
and definite. It is interesting to note that precipitations made 
with the barium salt in solution, or with the sulphate solution hot, 
transmit the rays from the candle as white light, while in the case 
of precipitations made with the crystals of the salt, the red rays 
only are transmitted, the illumination of the liquid is in this way 
still further reduced, and the sharpness of the end reading is 
thereby promoted. To secure concordant results, definiteness of 
precipitation must be obtained. This is accomplished by adding 
the barium salt to 100 cc. of the slightly acid solution at room 
temperature, and aiter dissolving completely, heating on the water- 
bath to about 70°. Allow to stand for half an hour and bring 
to the room temperature, when it is ready to transfer to the photo- 
metric tube for reading. It is not necessary to detail the results 
of the large number of experiments for testing the variations due 
to temperature and time of standing before reading. The above 
conditions give the most constant results. 

The conditions are purely empirical, but not arbitrary within 
reasonable limits, except as to the size of the hole through the plate 
and the method of precipitation. 

It has been necessary to work out a new table. This has been 
developed directly from a standard solution of potassium sul- 
phate having 0.5438 gram dissolved in a liter, thus containing 
0.0001 gram of sulphur by weight per cubic centimeter of solution. 
Since eves differ in their sensitiveness to light, a standard solu- 








TABLE I. 


DETERMINATION OF SULPHUR IN COAL. 































































































































































































































































PHOTOMETRIC TABLE FOR SULPHUR 
WEIGHT OF SULPHUR IN GRAMS 
PER MILLIMETER DEPTH 

wad Oey ELE ELSE + ~~ S EE 
200} 0.00/38 |/5!1]| O0.0O0/6/1 |//7| 0.00204} 83 | 0.00270 
/95| 0.00140 |150| 0.00162 |1//6 | 0.00206| 82]| 0.00273 
790| 0.00/42 |/49| 0.00/63 |//5| 0.00208| 8/ | 0.00277 
/85| 0.00145 | /48| 0.00164 |//4]| 0.002/0 | 80] 000280 
/83| 000/47 |/47| 0.00/65 | 1/7 | 0.00212| 79] 0.00284 
180| 0.00/50 | /46| 000/66 |//2 | 0.00214| 78| 0.00288 | 
/79| 000/50 | /45| 0.00/67|/// | 0.00216 | 77| 200292) 
1/78 | 0.00/5/ | /44| 0.00/68 |//0 | 0.002/8 | 76| 0.00296 
/77| 0.00151 | /43| 0.00/69 | /09| 0.00220] 75} 0.00300 | 
/76| 0.0015/ |142| 0.0017/ |/08| 0.00222| 74| 0.00302 | 
/75| 0.0015! |/4/ | 0.00172 |/07| 0.00224| 73| 0.00304 
/74\| 0.00/52 |/40| 0.00174|/06| 0.00226| 72| 0.00307 
/73| 0.00/52 |/39| 0.00175 | /05| 0.00228| 7/| 0.003/0 
(72 | 0.00152 |/38 | 0.00/76 | /04| 0.00230| 70] 0.003/3 | 
171 | 0.00/152|/37 | 0.00/77 |/03| 0.0023/ | 69| 0.003/7 | 
/70| 0.00/53 |/36| 0.00179 |/02| 0.00233| 68| 0.00320 | 
/69| 0.00/53 |/35 | 0.00180 |/0/ | 0.00234| 67]| 0.00323 | 
768| 0.00/53 |/34| 0.00/18! |/00| 0.00236 | 66| 0.00327 
/67| 0.00/54 |/33 | 0.00182 | 99| 0.00238 | 65| 0.00330 | 
/66| 0.00/54|/32 | 0.00/84 | 98| 0.00239 | 64) 0.00335 
/65| 000/54|73/ | 0.00185 | 97| 0.00240] 63| 0.00340 
/64| 000/55 |/30| 0.00/87 | 96| 0.0024! | 62| 0.00345 
/63| 0.00/55 |/29| 0.00188 | 95| 0.00243| 6/| 0.00350 
/62| 0.00155 |/28| 000/89 | 94| 0.00244| 60| 0.00755 
/6/| 0.00156 |/27| 0.00190 | 93| 0.00246] 59] 0.00360 
/60| 0.00156 |/26| 0.00/9/ | 92| 0.00248| 58] 0.00367 
159| 0.00156 |/25| 0.00193 | 9/| 0.00250| 57| 0.00373 
158| 0.00157 |124| 0.00195 | 90| 0.00252| 56 | 0.00380 | 
1/57) 0.00157 |\/23 | 0.00/96| 89| 000255| 55| 0.00586 
/56| 0.00/58 |/22| 0.00/98 | 8&| 0.00257 | 54| 0.00395 | 
/55| 0.00158 |/2/ | 0.00/99 | 87 | 0.00260 | 53 | 0.00400 | 
154| 000/59 |/20| 0.00200| 86| 0.00262| 52| 0.00407 
153| 0.00159 |7/9| 0.0020/ | 85| 0.00265] 5/ | 0.004/3 

0.00/60 | //8 | 0.00203| 84] 0.00267] 50 | 0.00420 
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tion should be prepared by which to check the table for the in- 
dividual using it. 


TABLE II.—SHOWING PERCENTAGES OF SULPHUR. 
Residues from Parr 


Washings from Mahler calorimeter in photom- 
bomb. eter. 
Illinois coal. (Per cent.) (Per cent.) 

I Odin, pea....seeeseeeeeeeee 2.30 2.17 
2 St. fohn’s lump ........-... 1.55 1.65 
3 Pana, slack ......-.e2e- eee. 4.03 4.04 
4 Danville, lump............. 2.16 2.31 
5 Ridgely, pea...-.....-.eee- 4.00 4.01 
6 Bloomington, lump.......-.- 2.57 2.68 
7 Spring Valley, washed...... 3.04 3.20 
GS FPRIWOOG << cect ecccccwecicn 5553 1.61 


Results from use of this method, as above outlined, in com- 
parison with those obtained under standard conditions, are shown 
in Table II. 


UNIVERSITY OF ILLINOIS, 
URBANA, ILL. 


{CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF THE UNIVERSITY 
OF MICHIGAN. ] 


FURTHER EXPERIMENTS ON THE CLINKERING OF PORT- 
LAND CEMENT AND ON THE TEMPERATURE OF 
FORMATION OF SOFIE OF THE CONSTITUENTS.' 

By EDWARD DEMILLE CAMPBELL. 

Tus work is, in a way, a continuation of the results published 
by the author in this Journal (24, 248, 969; 25, 1103), and the 
experiments have been largely suggested by the results of the 
work previously reported. 

In a paper entitled “An Experiment upon the Influence of the 
Fineness of Grinding upon the Clinkering of Portland Cement” 
(25, 1103), the author, with S. Ball, described the progress of 
clinkering in a raw mixture used by a prominent eastern cement 
mill. This raw mixture was burned in the laboratory rotary 
cement kiln, employed for our previous experiments. Two ex- 
periments, 104 and 105, were made with this same raw ma- 
terial. In Experiment 104 the raw mixture was burned without 


1 The laboratory work in the experiments to be describedin this paper has been done 
during the present year by Messrs. E. E. Ware, D. H. Clary, and M. G. Doll, to whom I 
wish here to acknowledge my indebtedness for the care with which the work has been 
done. 
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further grinding, while in Experiment 105 the material was 
ground before burning, so that 98 per cent. would pass a 200 
mesh sieve. In Experiment 105 twenty-four samples of clinker 
were collected at approximately equal temperature intervals over 
a range from 1022° C. to 1627°C. The progress of clinkering 
was indicated, first, by the gradual change in color of the clinker 
from white through various shades of vellow and brown to nearly 
black when the temperature reached about 1475° C and above. 
These samples of clinker were ground with 1.5 per cent. of 
calcium sulphate (dehydrated gypsum) and from the resulting 
cement pats were made. The per cent. of water required for 
normal consistency, the initial and final sets were determined, and 
the behavior of the pats on submitting to the action of boiling 
water for twenty-four hours was noted. The extent to which 
silica had combined was shown in a number of cases by deter- 
mining the proportion of silica soluble in hot dilute hydrochloric 
acid and in 10 per cent. sodium carbonate. In Experiment 105 
the results showed that the combination of the silica progressed 
with increasing temperature until about 1352° C. was reached, 
when the amount of “undecomposed silicates” was a minimum. 
This temperature, 1352° C., was that of maximum disintegration 
of the pats by boiling water. By the time the temperature had 
reached 1475° C. the constituents of the clinker had become so 
rearranged that the pats stood a perfect boiling test. 

In the raw mixtures usually used in the production of Port- 
land cement, the silica, alumina and ferric oxide almost always 
occur chemically combined in the form of clay, shale or other 
silicates. In the theories now usually held in regard to the 
progress of clinkering, the calcium oxide is supposed at one stage 
of the process to combine directly with the clay substance, that 
is, the silicates as a whole; and the double silicates thus formed 
are supposed to split up and form the final tricalcium silicate 
characteristic of a perfectly formed Portland cement. So far we 
have but little data to show at what temperatures such double 
silicates may be formed, or at what temperature they may begin 
to split up and tricalcium silicate be formed. If a comparison 
of the behavior during clinkering of a purely mechanical mix- 
ture of various oxides, acidic and basic, could be made with that 
of a natural rock mixture in which the silica, alumina and ferric 
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oxide are chemically combined, we might observe differences in 
behavior which would give some knowledge as to the probable 
temperatures of formation and rearrangement of the various con- 
stituents. 

Experiment 110.—This experiment was undertaken for the pur- 
pose of comparing the behavior during clinkering of a purely 
mechanical mixture of the oxides entering in the formation of 
cement, with that of a natural rock mixture of the same ultimate 
composition, such as that used in Experiments 104 and 105. 

The raw materials used for Experiment 110 consisted of pure 
glass sand, a comparatively pure marl, chemically pure hy- 
drated ferric oxide, chemically pure hydrated aluminum oxide, 
and chemically pure magnesium oxide, obtained by ignition of the 
carbonate. 


The composition of the materials used is given in Table [. 


TABLE I. 
Loss on 
SiO» Al.Os. FesOs. Cao. MgO ignition. 
E,W. mathe. csces F253 0.25 0.25 52.89 0.89 44.58 
Glass sand....... 99.60 0.25 : aor ads 
Al(OH), -.-.--4-- alera 74.15 eee sane nates 25.85 
Fe(OH), --sceeees eese ates 86.13 rare Seas 13.87 
MgO.. Pa te ee eeee eeee eves eee 100,00 


These materials were first finely ground separately. The molec- 
ular ratio of the clinker in Experiment 105, calculated on the 
basis of 100 molecules of silica, was as follows: SiO., 100; Al,O,, 
24.9; Fe,O,, 4.5; CaO, 315.2; MgO, 19.1. In order to attain the 
same molecular ratio from materials of the composition given 
as in the above table, we should have to use them in the following 
proportions: Sand, 566 grams; Al(OH ),, 329 grams; Fe(OH ),, 
74 grams: L. W. marl, 3343 grams; MgO, 47 grams. The above 
amounts of the various materials were carefully mixed dry and 
subjected to a second grinding of six hours in the porcelain-lined 
mill used in Experiment 105. The finely ground material was 
then moistened with sufficient water to enable it to be rolled out 
and cut into cubes for burning, as in former practice. 

The furnace emploved was that used in previous experiments, 
and the method of measuring the temperature attained by the 
clinker was the same as that used in Experiment 105. The ther- 
mocouples employed were carefully checked, from time to time, 
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to detect and correct for any change in electromotive force due 
to long heating in an atmosphere rich in carbon dioxide, with 
occasionally traces of carbon monoxide. 

From the prepared mixture of oxide eleven samples of clinker 
were collected from 1257° C. to 1571° C. On comparing the color 
of these various clinkers with those from Experiment 105, made 
at corresponding temperatures, it was found that the colors agreed, 
as closely as could be detected, with each other in practically all 
cases. The samples of clinker were ground with 1.5 per cent. 
calcium sulphate (dehydrated gypsum) and from the resulting 
cement pats were made; the amount of water required for normal 
consistency, the initial and final sets, and the behavior under the 
boiling tests, were noted. The results of these tests are sum- 
marized in Table II, together with those obtained from the clinkers 
in Experiment 105, produced at temperatures corresponding most 
closely with those of the present experiment. 

The completeness of chemical combination of the silica was 
determined as in Experiment 105, in the two samples produced 
at 1348° C. and 1480° C., bv dissolving in dilute hydrochloric acid 
and treating the undissolved residue with Io per cent. sodium 
carbonate, thus obtaining a final insoluble residue of “undecom- 
posed silicates.” The residue of ‘‘undecomposed silicates” on 
sample No. 9 was fused with sodium carbonate and thus resolved 
into its constituents, which were determined in the usual manner. 
The amount of undecomposed silicates from sample No. 4 was 
only 0.41 per cent., while that of sample No. 9 was 1.45 per cent., 
made up of 1.08 per cent. SiO., 0.15 per cent. Fe,O, and Al,O,, 
0.08 per cent. CaO, and 0.14 per cent. MgO. The complete analysis 
of sample No. 9 gave the following results: Total SiO,, 20.74 
per cent.; Al,O,, 10.44 per cent; Fe,Q,, 2.56 per cent. ; CaO, 63.79 
per cent.; MgO, 2.29 per cent.; total, 99.82 per cent. 

The physical tests on the cement from Experiment 110 com- 
pared with that of Experiment 105, made at the nearest corre- 
sponding temperature, are summarized in Table II. As the 
experiments were performed by different men, and it was 
found by subsequent weighing that the average weight of clinker 
from Experiment 110 was about twice that in 105 we must ex- 
pect that the reactions in 110 will apparently lag somewhat be- 
hind those of 105. This is best illustrated in the temperature at 
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which the first perfect pat is obtained, the difference in this 


case being 3 


Expt. number. 


105 
IIo 


105 


110 
105 
110 
105 
IIo 
105 
IIo 


105 


IIo 
105 


I10 
105 
IIo 
105 
IIo 
105 


» Sample number. 


= 
nb Oo 


20 
II 
23 


The 
results 


tem pera- 
oS. 


Clinker 
ture. 


a | 
bo NN 
a i A | 
Onn 


oH 
& N 
= © 
Cr 


1327 


1348 
1352 
1374 
137 

1400 
1401 
1432 


1425 


1457 
1451 


1480 
1475 
1510 
I501 
1571 
1582 


on 


“ae 


Per cent. water. 


ioe) 
° 


~J 
> 


26 
27 
26 
24 


. Initial set. 


Hours. 


tw Initial set. 


8\ OO Minutes. 


mH \e 
as 


won 
nn 


a 
NWO Mw wm 


10 


5 
21 


TABLE II. 
=i ss s 
ee = 
-.» «+ Very soft, mushy, loose from glass. 
3 40 Badly cracked, warped, very weak. 
2 52 Expanded, not warped, easily 
rubbed to sand. 
5 Badly warped and broken. 
-» 51 Very easily rubbed to sand, 
cracked, 
29 Very badly warped, cracked, al- 
most disintegrated. 
E Disintegrated. 
21 5 
. “ 
27 =< 
2 26 ns 
3. 35 i 
4 58 Badly warped, easily rubbed to 
sand. 
2 22 Badly warped and cracked, almost 
disintegrated. 
5 ++ Badly warped and weak. 
4 45 Slightly warped, cracked, loose 
from glass, but quite strong. 
5 ++ Badly warped, quite strong. 
4 40 Perfect pat. 
I 52 “s 
4 22 
2 37 oi 
4 ee bis 


data obtained from Experiment 110, together with all the 
from Experiment 105, as reported in our previous article, 
are represented graphically in Plate I. In this plate the abscissae 
represent the temperature at which the various samples of clinker 
were collected, and the ordinates the per cent. of water required 
for normal consistency, and the time for initial and final sets. 
Sample No. 21, Experiment 105, has been omitted from this 
curve, because, as was explained in the paper describing this work 








1148 EDWARD DeMILLE CAMPBELL. 


in detail, at the time when this particular sample was collected, 
carbon monoxide was found in the products of combustion, which 
caused the clinker produced to give abnormal results. 

The rate of cooling and the conditions under which clinker cools 
has a marked influence on the time of both initial and final set. 
In both these experiments the hot clinkers falling from the rotary 
were caught in small metal trays so that they cooled comparatively 
quickly in the air, probably quicker than in most cases in com- 
mercial practice. This more rapid cooling tends to make the 
cement have a much quicker initial and final set, although the 
quantitative influence of this variable has not yet been determined. 

The present experiment -would have been more satisfactory had 
the collection of clinkers begun at as low a temperature as that em- 
ployed in Experiment 105, because, in Experiment 110 the heavy 
lining of the furnace, with which the clinker is constantly in 
contact, would probably not have had time to attain the same tem- 
perature as the thermocouple and would probably exert a more or 
less cooling effect on the clinker collected in the first hour or so. 
The result of this is to throw some doubt on the similarity of the 
behavior of a mechanical mixture of the oxides and that of a 
cement mixture when heated to temperatures below 1350° C. 
However, by the time the temperature has reached about 1350° C. 
we have the most nearly complete combination of the silica at 
least, no matter in what form the constituents existed in the orig- 
inal mixture; that is, if the material is finely enough divided, the 
same compounds or solid solutions will be formed at about 
1350° C. in all cases, irrespective of the condition in which the 
constituents existed in the original mixture. As the temperature 
is raised above that at which maximum disintegration takes place, 
the basic silicates, probably tricalcium silicate, begin to separate 
out, leaving a more acid magma, as is shown by the larger pro- 
portion of “undecomposed silicates’’ found in clinker burned at 
very high temperatures than in that burned at the temperature of 
maximum disintegration. The results found in Experiment 110 
confirm on this point those described under Experiment 105. The 
complete separation of the basic silicate, characteristic of Portland 
cement, which apparently was complete in Experiment 105 at 
1475° C., did not take place in the present instance until 1510° C. 
was reached, probably on account of the larger pieces of clinker 
in Experiment 110; but, as has also been shown in our pre- 

















CLINKERING OF PORTLAND CEMENT. II49 


liminary experiments, this reaction, indicated by the formation of 
a pat capable of standing a perfect boiling test, may vary between 
1400° C, and 1575° C. In case an excessive amount of calcium 
oxide is employed, no perfect boiling test will be obtained at all. 

Experiment 107.—This experiment was undertaken to show the 
behavior of dicalcium ferrite in clinkering. The raw materials 
used were chemically pure ferric hydroxide and L. W. marl, 
previously described, as used in Experiment 110. The finely 
divided material was first mixed and then subjected to prolonged 
grinding to insure fineness and a perfect mixture. The materials 
were carefully proportioned so as to give the molecular ratio 
2CaO.Fe,O,. The material thus prepared was moistened with 
sufficient water to enable it to be rolled out and cut into cubes for 
burning, as in the previously described experiments. From this 
material eleven samples were collected, from 976° C. to 1307° C., 
at which temperature the material began to fuse and stick to the 
sides of the rotary, showing that the overburning temperature 
had been reached. 

These clinkers varied in color from dull brown to nearly black 
as the temperature at which they were made increased. The 
various samples were ground with 1.5 per cent. of calcium sulphate 
(dehydrated gypsum), and from the resulting material pats were 
made to determine the amount of water required for normal con- 
sistency, the initial and final sets and the behavior under the boil- 
ing test. The results obtained on these samples are summarized 
in Table ITI. 


TABLE III. 
cs 
Eg g 
: @ a sd : 
a we rs} Sf BS sf gs be 
£ £2 sg #8 $2 85 3 
no oO a ao we Bo he x 
I 976 51 ee ” 3 27. Slightly warped, weak. 
2 I017 45 sia 6 2 8 Warped badly, stronger. 
3 1042 43 ee 8 2 16 Warped slightly, fairly strong. 
4 1069 42 - Io y: 6 Warped considerably, quite strong. 
5 1103 aa oo 614 2 48 Warped a little, quite strong. 
6 1135 32 . 5 I 23 Warped very little, stronger. 
7 1163 28 aa 9 I 7 Same as No. 6. 
8 1192 23 <s EF “ee 23 Same as No. 6, 
9 1215 22 ee 8. 32 Not warped, very strong. 
Io 1258 22 Fy 8. 35 Same as No. 9g. 
II 1307 21 re ere 31 Warped, very strong. 
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Experiment 108.—This was undertaken to study the behavior 
of dicalcium aluminate in clinkering. The materials used were 
finely ground, chemically pure aluminum hydroxide and L. W. 
marl. These were mixed in proportion to give the molecular 
ratio 2CaO.Al,O,, and after mixing, were subjected to thorough 
grinding, as in the preparation of dicalcium ferrite, in order to 
insure fineness and perfect mixture. 

Fourteen samples of clinker were collected between 871° C. and 
1305° C., which latter was the overburning temperature, as was 
indicated by the clinkers beginning to fuse and stick to the sides 
of the rotary. All the clinkers from this experiment were very 
light, almost white in color. The tests obtained from the clinkers 
after grinding with 1.5 per cent. calcium sulphate (dehydrated 
gypsum) are summarized in Table IV. 


TABLE IV. 
2 na 
gk 
es. &£# §. 88 8 ks 3 
a wf 8 BSE SS gE gz = 
£2 5 #85 #5 85 #8 3 
Ho vO a Rote me EO he x 
r (375 -95S I 14 None Pats 1 to 7 inclusive were very soft 
2 go5 98 oe 47 es after boiling. 
3. 942 121 over6 .. ee 
4 976 125 4 52 " 
5 1013 127 i 37 “ 
6 1038 118 47 as 
7 1065 113 2 4! . 
8 1107 I04 27 over 8 Perfect pat. 
9 1132 98 40 6 957 . 
IO II6I 95 26 2 18 Free from glass, not warped. 
II LIQ! 6 2 5 Warped very slightly, some cracks. 
2 9222 72 4 I Io Warped considerably, cracked 
badly. 
13 1256 69 oe 12 2 1 Warped, cracked and broken. 
14 1305 60 ee 3 2 Ig Disintegrated. 


Experiment 109.—This was intended to show the behavior of 
monocalcium aluminate on clinkering. The materials used 
were the same as those in Experiment 108. It was in- 
tended to proportion the aluminum hydroxide and marl so that 
the mixttire should have the molecular ratio CaO.Al,O,. The 
check analysis made on a sample of the clinker to verify the accu- 
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racy of the mixture showed that the ratio of CaO to Al,O, was 
0.85 to 1.00 instead of I.00 to 1.00, as originally intended. On 
reviewing the figures it was found that an arithmetical mistake 
had caused this error. The analysis of a number of samples of 
clinker, however, revealed an interesting point, due to this very 
error. 

Nine samples of clinker were collected between 1156° C. and 
the overburning temperature, which did not occur until 1505° C., 
or 200° above that of the dicalcium aluminate. The clinkers ob- 
tained were ground without addition of calcium sulphate and 
made into pats, which were tested in the usual way. The results 
of these tests are summarized in Table V. 





TABLE V. 

. ce 2 &, 3g 8, dg 3 

i 256 135 18 over 24 -- Nos. I, 2, and 3 very soft, disinte- 

2 32tS 125  -F 3 I 56 grated, getting harder in order of 

3 1254 124 4 I 4! numbers. 

4 1280 I09 58 I 45 Harder than No. 3, easily pulverized 
with fingers. 

§ 1315 OF << SI I 53 Harder than No. 4, less easily pulver- 
ized, weak. 

6 1349 80 -- 54 2 12 Difficultly pulverized with fingers, 
stronger than No. 5. 

7 3367 973, D4 2 40 Could not pulverize with fingers, quite 
strong and hard. 

8 1407 54 I 47 3 49 Stronger than No. 7, harder and quite 
brittle. 

9 1505 45 2 oo 2 30 Very strong, hard and brittle, warped. 


Analyses of samples Nos. 1, 5 and 8 were made to determine the 
proportion of calcium and aluminum oxides, readily soluble in hot, 
dilute hydrochloric acid. This was done by first boiling a 0.5 
gram sample of the finely ground material with 50 cc. of water 
and then adding 5 cc. of hydrochloric acid (sp. gr. 1.20), stirring 
for two or three minutes and then filtering to determine the amount 
of insoluble residue. The calcium and aluminum oxides in the 
filtrate were determined in the usual manner, and the molecular 
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proportions in which they were found were calculated. The results 
of these analyses are given in Table VI. 


TABLE VI. 
Molecular ratio. 
Sample. Temper- Insoluble cao Al,O3 eae, 
No. ature. residue. insolution. in solution. cao. Al,O3. 
I 1156 42.48 29.81 22.91 I 0.418 
5 1315 28.75 29.25 39.10 I 0.736 
8 1407 16.98 28.94 52.76 I 1.006 


A study of the figures given in the last two columns of Table 
VI brings out the significant fact that when CaO is heated with 
Al,O,, probably the dicalcium aluminate is first formed, this for- 
mation being completed at about 1200°C. Further, that dical- 
cium aluminate, which may be completely formed a little above 
1200° C., then begins to combine with more alumina, if present, as 
the temperature increases until the monocalcium aluminate has 
been formed at about 1400° C. 

The dicalcium aluminate when completely formed, as is shown 
in sample No. 12, Experiment 108, has a quick initial and a com- 
paratively quick final set, while the monocalcium aluminate has 
a slow initial and comparatively slow final set, even when the 
material has been partially fused, as is shown in sample No. 9, 
Experiment 1009. 

The results found in Experiments 107, 108 and 109 are shown 
graphically in Plate II in which, as in Plate I for Experiments 
105 and 110, the ordinates represent the per cents. of water re- 
quired for normal consistency, the initial and final sets and the 
abscissae show the temperatures at which the various samples were 
collected. 

All the results so far obtained in this laboratory must, in a 
way, be considered as fragmentary, nevertheless they seem to point 
to a number of clearly marked changes which, taken together with 
a tentative hypothesis, may serve as a foundation for a complete 
series of experiments, which will demonstrate all the reactions 
which take place in the clinkering of Portland cement. 

In natural rock cements which are burned at temperatures be- 
low most of those with which we have been dealing, it is gen- 
erally supposed that the hydraulic properties are due to some 
compound of calcium oxide with the clay substance as a whole, 
and not to a number of new bodies resulting from the splitting 
up of these double compounds, and rearrangement at the high 
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temperature employed in the manufacture of Portland cement. 
It is the temperature of formation and behavior of these latter 
compounds which we will consider in the present discussion. In 
order to form a reliable judgment as to the equilibrium, which 
will exist in any mixture at a given temperature, and hence the 
properties of clinker produced from a given mixture burned at 
a definite temperature, we should know the properties of all the 
separate constituents which may be present; that is, if we regard 
clinker as a more or less complete solid solution containing a num- 
ber of constituents, we must know the properties of all the con- 
stituents separately before we can judge the properties of the 
mixture or solid solution as a whole. 

Although we have no data in regard to the behavior of pure 
tricalcium silicate, made at carefully controlled temperatures, we 
know from the experiments of Newberry and others that the tri- 
calcium silicate is generally considered slow-setting. We have no 
data, either, in regard to the behavior of pure dicalcium silicate 
produced at definite temperatures. From the behavior of certain 
slags, however, and from the data given under Experiment 103 
of our previously published work,! it would appear that dicalcium 
silicate formed above 1450° C. has probably a rather quick initial, 
as well as final set. 

In regard to the aluminates of calcium, Experiments 108 and 109 
probably give the first data in regard to the initial and final sets 
of these compounds from clinker produced at carefully controlled 
temperatures. A study of the curves in Plate II, Experiment 108, 
on the dicalcium aluminate shows that the amount of water re- 
quired for normal consistency increased with increasing disso- 
ciation of calcium carbonate until it reached its maximum of 125 
per cent. when a temperature a little over 1000° C. had been 
reached. From this temperature the amount of water required 
for normal consistency decreases with almost perfect uniformity, 
reaching its minimum of 60 per cent. for that sample produced 
at the overburning temperature. A study of the curves for 
initial and final sets would apparently indicate the increasing 
combination of aluminum oxide with calcium oxide as the tem- 
perature increased until by the time 1222° had been reached 
nearly all of the oxides were combined as dicalcium aluminate, 
1 This Journal, 24, 969. 
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as indicated by the initial and final sets reaching their minimum 
at this point. As the temperature rises above this point, 1222° C., 
the slight slowing up of the initial set, together with the marked 
slowing up of the final set, would indicate probably more or less 
dissociation of dicalcium aluminate into the more slow-setting 
monocalcium aluminate and free calcium oxide. 

The curves for Experiment 109, monocalcium aluminate, show 

a steady decrease in the amount of water required for normal 
consistency with increase of temperature. This decrease, how- 
ever, apparently takes place more rapidly after about 1255° C. 
is reached. A word here may account possibly, or very probably, 
for the somewhat abrupt change in the water requirement, as 
well as some of the other properties. In this experiment the first 
clinker was collected within about an hour after lighting the 
furnace and it is not improbable that in this comparatively short 
time the heavy furnace lining had not become thoroughly heated 
through so that the pieces of clinker in contact with the furnace 
lining had not reached quite as high a temperature as would be 
indicated by the readings observed at the thermocouple. The 
curves for the initial and final sets of Experiment 109, however, 
studied in conjunction with the analyses obtained upon the three 
samples of clinker, would apparently indicate pretty clearly that di- 
calcium aluminate was first formed until nearly all of the calcium 
oxide had taken this form and thenas the temperature increased the 
dicalcium aluminate began to dissociate into monocalcium alumi- 
nate and calcium oxide, which calcium oxide, however, would at 
once combine with the excess of alumina present, until at about 
1400° C, nothing but monocalcium aluminate is found, together 
with the excess of uncombined alumina. The proportion of di- 
calcium aluminate and monocalcium aluminate, existing at any 
given temperature, will, of course, be largely influenced by the 
relative masses of the two oxides. From the curve for the final set, 
however, in Experiment 109 it would seem as though the disso- 
ciation of dicalcium aluminate began to take place rapidly, soon 


after 1300° C. has been passed. Monocalcium aluminate has ap- 
parently quite a slow initial and final set. Had samples been col- 
lected in Experiment 109 in the interval between 1407° C. and 
1506° C. it is probable the curve would have had a somewhat 
different form, the final set especially slowing up for a longer 
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period before dropping off, thus approximating more nearly the 
curves for the final sets of Experiments 110 and 105. 

The curves for the dicalcium ferrite, Experiment 107, show, 
as for the dicalcium aluminate, a regular diminution in the 
amount of water required for normal consistency with increase of 
temperature. The quick initial sets at 1000° C., or below, show 
that some dicalcium ferrite is probably formed even at this tem- 
perature; but the fact that the final set does not reach its 
minimum until nearly 1200° C., or about the same temperature as 
that for the same condition as for dicalcium aluminate, would in- 
dicate that ferric oxide behaves almost like aluminum oxide, which 
would be further confirmed by the fact that the overburning tem- 
peratures of dicalcium ferrite and dicalcium aluminate practically 
coincide Again, this distinct, although somewhat slight, slowing 
up of the final set of dicalcium aluminate above 1200° C. would 
be suggestive at least of dissociation of part of the dicalcium into 
more slow-setting monocalcium ferrite ; however, we have at pres- 
ent no data in regard to monocalcium ferrite. This last must be 
taken as merely suggested by the analogous behavior of the alu- 
minates. 

A study of the curves for Experiment 105 shows that the amount 
of water required for normal consistency falls off regularly with 
increase of temperature after the point necessary for complete dis- 
sociation for calcium carbonate has been passed, in this case about 
1125° C. If we compare the curve for the initial and final sets in 
Experiment 105 with those from dicalcium aluminate and dical- 
cium ferrite, we will note that in all three cases we find the final 
sets reaching a minimum at a temperature very near 1200° C. and 
that the initial set is rapid in all three cases at this same tem- 
perature. This would indicate that in cement mixtures dicalcium 
aluminate and dicalcium ferrite were probably the most reactive 
constituents formed at this temperature. The very marked slow- 
ing up of the final set in Experiment 105, between 1200° C. and 
1300° C., is probably due to some silicate formation, since this 
marked rise in the curve is absent from the curves for pure alumi- 
nates and ferrites. The samples of clinker collected at 1352° C. 
showed, as has been previously explained, maximum disintegra- 
tion under the boiling test, together with a minimum amount of 


undecomposed silicates. Thus we would find this second valley, 
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so to speak, in the curve of final set representing that period in 
the process of clinkering where we have most complete combina- 
tion of the silica, but where the tricalcium silicate, characteristic 
of Portland cement, has not as yet formed, or, at least, separated 
from solid solution. The rise in the curve between 1352° C. and 
1475° C. is not improbably due to the gradual separation or for- 
mation of tricalcium silicate, perhaps accompanied by progressive 
dissociation of dicalcium aluminate and ferrite. 1475° C. is that 
temperature at which the first perfect boiling test is obtained. 
Whether the gradual falling off in the time of final set with rise 
of temperature above 1475° C. is due to dissociation of trical- 
cium silicate and formation of the more quick-setting dicalcium 
silicate we are not prepared at this time to venture an opinion, 
since our work has not as yet reached a point which would justify 
a positive opinion in regard to the behavior of the silicates them- 
selves. 

Experiment 110 would have been much more satisfactory had the 
collectionof samples begun at as lowa temperature as was employed 
in Experiment 105. Nevertheless, if correct allowance is made for 
the first few samples of clinker probably not being quite as hot 
as is indicated by the thermocouple, we find that the curves are 
of very much the same nature and indicate that probably the same 
reactions took place in both cases. In forming this judgment due 
allowance must be made for the fact that in Experiment 110 the 
individual pieces of clinker weighed twice as much as those in 
Experiment 105, and that the furnace lining during the collection 
of the first two or three samples had probably not had time to 
approach the temperature of the thermocouple as in Experiment 
105. 

ANN ARBOR, MICHIGAN, 
June 25, 1904. 
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Received July 9, 1904. 
WHILE magnesium amalgam has been known for some time, 
having been prepared by Wanklyn and Chapman in 1866, its use 
as a reducing agent in organic chemistry has hitherto been neg- 


lected. 
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Wanklyn and Chapman made the amalgam by heating mercury 
to a point a little below boiling and introducing magnesium ribbon. 
They state that a I per cent. amalgam so prepared decomposes 
water more rapidly than a I per cent. sodium amalgam, but give 
no data in substantiation of this. 

Klauer prepared magnesium amalgam by the action of potas- 
sium amalgam upon crystalline magnesium sulphate, but did not 
investigate the product further than to submit it to distillation, 
when the mercury distilled off, leaving the magnesium in the 
retort. 


Some years ago one of us found that magnesium powder and 
mercury would amalgamate at the ordinary laboratory tempera- 
ture; the amalgamation starts slowly, evolving heat, which causes 
the process to proceed more rapidly. 

Later it was found that some samples of magnesium from re- 
putable manufacturers could not be made to amalgamate in the 
cold. A satisfactory method of procedure was found to consist 
in warming a porcelain mortar by burning a few cubic centimeters 
of alcohol in it, adding the mercury and rubbing in the magnesium, 
a little at a time. The magnesium dissolves in the mercury and 
separates out as a mass of beautiful silvery crystals, which soon 
become dull on exposure to the air. 

The first amalgam prepared by the writers was made from I 
part magnesium and 9 parts mercury, and was afterwards proven 
to contain unamalgamated magnesium. A more homogeneous 
product was obtained by using I part magnesium to 18 parts 
mercury, practically MgHg,. 

This product is thickly fluid when first prepared and sets to a 
hard crystalline mass on cooling. 

Both the 10 per cent. and 5 per cent. amalgams decomposed 
water rapidly with evolution of hydrogen, but were without appar- 
ent action upon cold alcohol which had been rendered absolute 
by distilling with sodium. Upon long-continued boiling of abso- 
lute alcohol with the amalgam, hydrogen was evolved and a slightly 
yellowish solution was obtained, which, upon filtration, evaporation 
and ignition left a residue of magnesia, thus indicating the forma- 
tion of magnesium ethylate, or that a certain amount of the hy- 
droxide dissolved in the alcohol. The quantity of the solid product 





1160 MAGNESIUM AMALGAM AS A REDUCING AGENT. 


obtained was so small that a more thorough investigation was not 
attempted. 

The fact that the amalgam is without action upon absolute alco- 
hol in the cold, but readily reacts upon alcohol containing a trace 
of water, makes it convenient for the preparation and preservation 
of absolute alcohol. 


REDUCTION OF NITROBENZENE. 


The variety of products obtainable by reducing nitrobenzene in 
acid, neutral or alkaline solutions, made the action of magnesium 
amalgam a question of interest. 

Ten grams nitrobenzene were dissolved in 50 cc. ethyl alcohol 
in a flask connected with an upright condenser and 40 grams of a 
10 per cent. magnesium amalgam added in two portions, of 20 
grams each. This was a little more than the amount theoretically 
required to reduce the nitrobenzene to phenylhydroxylamine. The 
reduction started as soon as the amalgam was added, a brisk evo- 
lution of hydrogen taking place; the temperature rose rapidly and 
the solvent boiled; the flask was then immersed in the tap water 
at a temperature of 18°, moderating the reaction. Throughout 
the rest of the reaction the temperature was held slightly below 
the boiling-point of the alcohol. When no further evolution of 
hydrogen was apparent the second portion of the amalgam was 
added. When the evolution of hydrogen had ceased no odor of 
nitrobenzene was perceptible. The solution was filtered by means 
of suction from the insoluble magnesium hydroxide and mercury, 
and washed with boiling methyl alcohol. Upon concentrating the 
reddish yellow filtrate and washings and allowing the resultant 
liquid to cool, characteristic plates of azobenzene crystallized out. 
After recrystallization these melted at 68°, the melting-point of 
azobenzene. 

Having ascertained the nature of the chief product of the re- 
duction, the experiment was repeated in order to ascertain how 
much of the nitrobenzene was reduced to azobenzene. 


15.26 grams nitrobenzene gave 10.8 grams azobenzene, a yield 
of 95.66 per cent. of the theory. Some of the remaining, 4.3 per 
cent., can be accounted for by the difficulty experienced in freeing 
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the precipitated magnesium hydroxide and mercury from azo- 
benzene. Even after repeated extraction by boiling with methyl 
alcohol the precipitate showed red crystals when dried and ex- 
amined with a magnifying glass. 

No evidence of the production of hydrazobenzene was obtained, 
and it was at first supposed that this was due to the use of prac- 
tically the theoretical amount of the reducing agent, since in other 
respects the magnesium amalgam resembled sodium amalgam in 
its action, Additional work with larger amounts of the amalgam, 
however, showed that even then no hydrazobenzene was formed. 


[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF THE UNIVERSITY 
OF CINCINNATI, No. 63.] : 
THE REDUCING ACTION OF MAGNESIUM AMALGASI 
UPON AROMATIC NITRO COMPOUNDS. 
By THOMAS EVANS AND HARRY S. FRy. 
Received July 9, 1904. 

Evans and Fetsch! reduced nitrobenzene with magnesium amal- 
gam, and as some of the reductions attempted by them with ethyl 
alcohol as a solvent gave unsatisfactory results, it was deemed 
advisable to investigate the reduction of nitrobenzene in both ethyl 
and methyl alcohol. 

Finding that the nature of the products of the reduction were 
dependent upon the nature of the solvent, the concentration and 
time, a more extended study of the subject was made. 

Nitrobensene in Ethyl Alcohol.—Twenty-five grams of nitro- 
benzene were dissolved in 114 liters of 93 per cent. ethyl alcohol 
at 15° in a glass cylinder 10 cm. in diameter, and 30 cm. high, 
provided with a mechanical agitator. An amount of coarsely 
powdered magnesium amalgam, theoretically sufficient to con- 
vert the nitrobenezene into aniline, was then added in small por- 
tions to the violently agitated solution. At each addition there 
was a rapid evolution of hydrogen, accompanied by a precipitation 
of magnesium hydroxide and mercury in a fine state of division. 
The solution darkened slightly and the temperature rose from 15° 
to 45° during the reaction. When all the amalgam had been de- 
composed and the temperature began to fall the thinly fluid, green- 


1 See preceding article. 
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ish gray reaction-mixture was transferred to a flask provided 
with a return condenser and heated fifteen hours on a water- 
bath. 

The alcohol was then distilled off and the residue dried at 
water-bath temperature. The light yellow mass so obtained was 
repeatedly extracted with boiling ligroin, and the combined ex- 
tracts concentrated to 30 cc. After standing twelve hours the 
solution had solidified to a mass of light red needles. While the 
substance was crystallizable from ether it was found impossible to 
remove all traces of the ligroin with this solvent. Purification was 
finally accomplished by dissolving in a small quantity of methyl 
alcohol and inducing crystallization by directing a stream of dry 
air on to the surface of the solution until a few crystals formed, 
when crystallization proceeded rapidly. These were filtered off 
and recrystallized in the same manner. The crystals proved to 
be azoxybenzene, melting-point 38°. The yield was 18 grams, or 
89.9 per cent. of the theoretical. 

Metadinitrobenzene in Ethyl Alcohol.—Fiifty grams m-dinitro- 
benzene were dissolved in 2% liters of 90 per cent. ethyl alcohol, 
and 869 grams of 5 per cent. magnesium amalgam, sufficient to 
reduce the dinitrobenzene to phenylene diamine, added, as de- 
scribed in the preceding reduction. 

The darkening of the solution and the rise in temperature were 
more marked than in the reduction of nitrobenzene. When no 
further action of the amalgam was perceptible, the brownish red 
reaction-mixture was heated for fifteen hours on the water-bath. 
The boiling liquid and accompanying solid were poured upon a 
large Buchner filter and suction applied. As the filtrate cooled, 
a light brown flocculent substance separated ; this was filtered off 
and the filtrate concentrated, yielding more of the same compound. 

The residue upon the original filter was extracted by boiling 
alcohol until a colorless extract was obtained. The compound was 
so insoluble that fifteen extractions with 500 cc. of alcohol were 
necessary to dissolve it all out. 

Purification was effected by repeated recrystallization from alco- 
hol. The purified compound consistd of light tan-colored, micro- 
scopic needles, slightly soluble in ether, somewhat more soluble 
in benzene, toluene and in boiling alcohol, and readily soluble in 
chloroform. The melting-point was 141°-142°. 
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These properties agree very well with those of m-dinitroazoxy- 
benzene, as given by Klinger and Pitschke.* 

For more complete identification a nitrogen determination was 
made. This gave 19.34 per cent. N; calculated, 19.48 per cent. 

Additional evidence as to the identity of the substance was ob- 
tained by converting it into the corresponding oxyazo compound. 
For this purpose 5 grams of the reduction product were heated 
with 50 cc. of concentrated sulphuric acid for one hour at 140°. 
After cooling, the dark red solution was poured into 500 cc. of 
water, which precipitated a light yellow flocculent substance. This 
was filtered off and recrystallized from alcohol, in which it is 
sparingly soluble. The oxyazo compound dissolved in caustic 
alkali solutions with a deep red color and was reprecipitated upon 
addition of dilute acids. The melting-point was 172°-173°, which 
is that of m-dinitroxyazobenzene. 

A nitrogen determination gave 19.30 per cent. N; calculated, 
19.48 per cent. 

This, in connection with the properties already cited, is conclu- 
sive evidence that metadinitrobenzene in excess of ethyl alcohol is 
reduced to metadinitroazoxybenzene by 5 per cent. magnesium 
amalgam. The yield was 30 grams, or 70 per cent. of the theo- 
retical. 

Orthonitrotoluene in Ethyl Alcohol.—Twenty-five grams of 
o-nitrotoluene were dissolved in 1250 cc. of ethyl alcohol and 300 
grams of 5 per cent. magnesium amalgam added in the manner 
already described. The resultant yellow reaction mixture was 
heated on the water-bath for fifteen hours, the alcohol distilled off 
and the residue dried at water-bath temperature. It was then 
repeatedly extracted with boiling ligroin until a colorless extract 
was obtained. The combined extracts were concentrated to 50 cc. 
and set aside. In the course of three of four days a considerable 
quantity of dark orange monoclinic prisms had crystallized out. 
One of these measured 2.5 x Icm.x 2.5mm. After filtering off the 
large crystals the filtrate was concentrated on the water-bath until 
a dark oil remained. This was dissolved in a small amount of ab- 
solute alcohol. The solution was evaporated cold by directing a 
blast of dry air upon its surface, stirring rapidly at the same time. 


1 Ber. d. chem. Ges., 18, 2552 (1885). 
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Small, light yellow needle-like crystals separated out in a short 
time: these were filtered off, washed with alcohol, and the process 
repeated with the filtrate and washings. This treatment of the 
mother-liquor was continued as long as crystals were obtained. 
The substance was purified by recrystallization from absolute alco- 
hol. The substance is readily soluble in all the ordinary organic 
solvents and melts at 59°-60°. This, in connection with other 
properties, identifies it as orthoazoxytoluene. The yield was Io 
grams, or 50 per cent. of the theoretical. The red oily mother- 
liquor was distilled with steam and gave 9 grams of unchanged 
o-nitrotoluene. 

Paranitrotoluene in Ethyl Alcohol.—Twenty-five grams of p- 
nitrotoluene were dissolved in 1250 cc. of ethyl alcohol and 300 
grams of 5 per cent. magnesium amalgam added, as in the other 
cases. The product was then heated on the water-bath for fifteen 
hours, the alcohol distilled off and the dried residue extracted 
with ligroin. The extract vielded yellowish red crystals upon 
evaporation. These were purified by recrystallization from methyl 
alcohol. When pure they formed hair-like yellow crystals, melt- 
ing at 75°, and readily soluble in all the usual organic solvents. 
These properties identify the reduction product as p-azoxytoluene. 
Yield, 18 grams, or go per cent. of the theoretical. The nitro-com- 
pounds were next reduced in dilute methyl alcohol in the same 
way. 

Nitrobenzene in Methyl Alcohol.—Twenty-five grams of nitro- 
benzene were dissolved in 1250 cc. of 95 per cent. methyl alcohol 
and treated with 300 grams of 5 per cent. amalgam. After the 
addition of a few portions of the amalgam it was apparent that its 
action with methyl alcohol was different from that with ethyl 
alcohol. No precipitation of magnesium hydroxide occurred, but 
the larger pieces of the amalgam collected at the bottom of the 
cylinder and were soon dissolved by the liberated mercury. The 
temperature rose from 15° to 45° in twenty minutes, and the solu- 
tion became reddish yellow. When about one-half of the amalgam 
had been added, the reaction-mixture began to thicken, and was 
soon of the consistency of a thick gelatinous syrup. 

This became much thicker as the last portions of the amalgam 
were added. The temperature at this time was 50°. The contrast 
between this yellow, gelatinous solution and the gray, thinly fluid 
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one obtained with ethyl alcohol was striking, and was explained 
by the supposition that a methylate of magnesium was formed 
in the one instance and that no corresponding ethylate was pro- 
duced in the other. ‘This will be referred to later. The odor of 
nitrobenzene was still distinct in the reaction-mixture after all 
the amalgam had been added, but after heating on the water-bath 
for fifteen hours was no longer discernable. 

During the long heating the solution changed in color from light 
orange-yellow to deep orange-red and became more thinly fluid. 
The methyl alcohol was then distilled off, leaving a granular 
orange-colored residue. This was dried in a dish at water-bath 
temperature, and repeatedly extracted with boiling ligroin. The 
combined extracts were concentrated to 30 cc. by distillation. 
After several days beautiful red plates crystallized out ; these were 
recrystallized from methyl alcohol in order to remove the ligroin, 
and were found to melt sharply at 68°, the melting-point of azo- 
benzene. The yield was 15.5 grams, or 88.5 per cent. of the theo- 
retical. 

Metadinitrobensene in Methyl Alcohol.—Twenty-five grams of 
m-dinitrobenzene were dissolved in 1250 cc. of methyl alcohol 
(95 per cent.), and 450 grams of amalgam were used for the 
reduction. During the action of the amalgam the formation of 
the gelatinous solution was again noted and the colorless solution 
became chocolate-brown. As in the reduction of the nitrobenzene, 
the temperature rose to 50°. During the subsequent heating on 
the water-bath the reaction-mixture became darker and more 
thinly fluid. The mixture, while still boiling, was poured on to a 
large Biichner filter, connected with a filter-pump. The dark red 
filtrate was then heated on the water-bath to distil off the methyl 

‘alcohol, and left a residue of 11 grams of an almost black oil. 
The precipitate on the Biichner filter was dried and then dissolved 
in 300 cc. of glacial acetic acid, leaving the mercury unattacked. 
After filtration to remove the last of the mercury, the deep red 
solution was poured into 2 liters of water, whereupon a voluminous 
brown precipitate was formed. This was filtered off, washed 
with water and recrystallized from alcohol. Its melting-point was 
140°-142°. This and its other properties identified it as m-dinitro- 
azoxybenzene. The yield was II grams, or 54.4 per cent. of the 
theoretical. The filtrate from which it was separated was found 
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to consist of a solution of magnesium acetate, slightly colored by 
traces of organic matter. The tarry oil obtained from the original 
alcoholic solution seems to contain the corresponding azo com- 
pound, but its separation and purification have proved to be so 
difficult that it has not been positively identified. 


Orthonitrotoluene in Methyl Alcohol_—Twenty-five grams of 
o-nitrotoluene were dissolved in 1250 cc. of methyl alcohol and 
300 grams 5 per cent. amalgam added in the customary manner. 
The gelatinous solution was formed, and upon heating this for 
fifteen hours it became more thinly fluid, and changed from light 
yellow to orange-red in color. After distilling off the alcohol and 
drying the residue, this was extracted with ligroin. The con- 
centrated extract was allowed to stand for several days, when a 
mass of red, monoclinic prisms crystallized out. These crystals 
varied in length from 2 mm. to 10 mm. They were filtered off, 
washed with methyl alcohol and dried: melting-point, 55°. The 
filtrate was mixed with methyl alcohol, evaporated with a blast 
of air, and yielded small crvstals of the same melting-point. This 
product agrees with the o-azotoluene of Klinger and Pitschke? in 
its properties. The yield was 12.5 grams, or 66.5 per cent. of the 
theoretical. 


Paranitrotoluene in Methyl Alcohol—Twenty-five grams of 
p-nitrotoluene were dissolved in 1250 cc. of methyl] alcohol and re- 
duced with 300 grams of the 5 per cent. amalgam, in the usual 
manner. Even after fifteen hours heating on the water-bath the 
odor of p-nitrotoluene was still strong, showing that the reduc- 
tion was incomplete. Notwithstanding this, the alcohol was dis- 
tilled off, the residue dried and extracted with ether. Evapora- 
tion of the ether left 19.5 grams of light vellow, greasy-looking 
crystals. These were dissolved in ethyl alcohol, and upon evapo- 
ration of the solution with a blast of air a quantity of rather short 
and thick orange-colored prisms was obtained. These were fil- 
tered off and upon recrystallization were obtained in the form of 
slender orange needles, melting at 144°. They were p-azotoluene.? 
Yield, 4.5 grams, or 23.9 per cent. of the theoretical. 

The filtrate from the p-azotoluene was evaporated to expel the 
alcohol, leaving a red oil, weighing 15 grams, which was dis- 


1 Ber. d. chem. Ges., 18, 2555 (1885). 
2 Janovsky and Werigo: /ahresd., 1864, p. 527. 
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tilled with steam. The distillate had the odor of /-nitrotoluene, 
while the non-volatile part was odorless. The distillate was ex- 
tracted with ether, the solvent evaporated, leaving reddish yellow 
crystals. which, upon repeated recrystallization from alcohol, be- 
came almost colorless and melted at 54°. This was unchanged 
p-nitrotoluene and weighed 9.5 grams. 

The residue from the steam distillation was also extracted with 
ether, evaporated to dryness and the yellow crystalline mass re- 
crystallized from ethyl alcohol. In this way fine, light yellow 
crystals, melting at 75°, were obtained. The yield was 5.5 grams, 
or 22.2 per cent. of the theoretical yield of p-azoxytoluene. The 
result of this reduction was p-azotoluene, 23.9 per cent.; p-azoxy- 
toluene, 22.2 per cent.; while 38 per cent. of the original p-nitro- 
toluene was recovered unchanged. 


In summing up the reductions in dilute methyl alcohol it is seen 
that nitrobenzene and o-nitrotoluene yield the corresponding azo- 
compounds, while p-nitrotoluene yields both azo- and azoxytoluene. 
The chief exception to the behavior of the other nitro-compounds 
was found to be m-dinitrobenzene, which gave 54.37 per cent. of 
the theoretical quantity of m-dinitroazoxybenzene. The extreme 
insolubility of this compound may explain why more of it was not 
reduced to the corresponding azo-derivative. 

A summary of the various reductions with 5 per cent. amalgam 
and dilute solutions is given in the following table: 








Theoretical 
Nitro- Reduction- yield. 
compound, Solvent. product. Per cent. 
- Ethyl] alcohol. Azoxybenzene. 89.9 
Nitrobenzene... % 20 
Methy] alcohol. Azobenzene. 88.53 


{ 

\ 

i Ethyl alcohol. 
Metadinitrobenzene 


Metadinitroazoxyben- 70.00 


zene. 
Methyl] alcohol. Metadinitroazoxyben- 54.37 

zene. 
a OO { Ethyl alcohol. Orthoazoxytoluene. 50.00 
it Methyl alcohol. Orthoazotoluene. 66.50 
eT Re a alcohol. Paraazoxytoluene. g0.00 
Methyl alcohol. Paraazoxytoluene. 22.22 
Paraazotoluene. 23.90 


It being evident that methyl alcohol tended to cause the reduc- 
tion to go to the azo-derivative, while the reduction in ethyl alco- 


hol gave azoxy-derivatives when carried out in dilute solution, 
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the next step in the investigation was to ascertain the cause of 
this difference in the behavior of the two alcohols. 

Tt was noted that when methyl] alcohol was used as a solvent the 
addition of a magnesium amalgam produced a thick gelatinous 
syrup, which was absent when ethyl alcohol was used. This, natu- 
rally, suggested the thought that methylate of magnesium was 
formed, and that upon boiling this with a reducible compound it 
was oxidized to formate of magnesium. 

Magnesium Methylate—Absolute methyl alcohol was prepared 
from Kahlbaum’s best methyl alcohol by prolonged heating over 
quick lime, followed by distillation and subsequent digestion with 
anhydrous barium oxide until a yellowish solution was produced, 
and final distillation of this product over more barium oxide. 

Two hundred grams of 5 per cent. magnesium amalgam were 
added to 500 cc. of absolute methyl alcohol in a 1-liter flask, which 
was provided with a return condenser and heated on the water- 
bath until no evolution of hydrogen was perceptible. The solu- 
tion was very thick and looked gray, owing to suspended solid 
matter and finely divided mercury. It was poured, while still 
boiling, onto a large Biichner filter and suction applied. A clear 
liquid of syrupy consistency and of a faint yellow color filtered 
through; after standing over night it deposited a mass of semi- 
transparent, prismatic crystals, from 5 to 10 mm. long. 

These crystals were very soft and jelly-like in consistency ; upon 
agitating the flask they broke up to form a pulverulent jelly. 
This was filtered off on the pump and washed with methyl alcohol. 
Upon drying at 100° the mass became a white granular powder, 
which, when heated on platinum foil, burned for a short time with 
a flame like that of alcohol, leaving a white residue which proved 
to be magnesium oxide. From this it was clear that the mag- 
nesium of the amalgam had reacted with the methyl alcohol to 
form a product soluble therein. After drying the compound for 
two hours longer at 110° the percentage of magnesium oxide was 


determined. 
Weight of Calculated MgO in Mg (OCHs3)s. Found MgO. 
substance. Per cent. Per cent. 
0.7456 46.69 45.50 
0.6373 oles 45.49 


The percentage of magnesium oxide in magnesium hydroxide is 
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71.42, hence we are justified in concluding that the compound 
formed is not magnesium hydroxide. 

If a drop of solution of the supposed magnesium methylate in 
methyl alcohol be added to 2 cc. or 3 cc. of water, magnesium hy- 
droxide is thrown down as a thick gelatinous precipitate. The 
reaction is accompanied by the liberation of heat, and is analogous 
to that which occurs when methylate of sodium or potassium is 
treated with water. 

Magnesium methylate is decomposed upon heating, forming the 


































oxide. It absorbs carbon dioxide from the air, as was proved by 
exposing the dry compound to the atmosphere and then treating 
with dilute hydrochloric acid, when an appreciable amount of 
carbon dioxide was evolved. Magnesium methylate is slightly 
hygroscopic. 

These results agree essentially with those of Szarvasy, who 
prepared magnesium methylate from magnesium nitride and 
methyl alcohol, and also by heating magnesium ribbon and the 
corresponding alcohol under pressure. 


. Magnesium Ethylate-—Two hundred and fifty cc. of absolute 
. alcohol, contained in a 500 cc. flask with return condenser, were 
1 treated with Io grams of Io per cent. amalgam. Little or no 
: reaction was apparent until heat was applied. Heating was con- 
tinued for one hour and a half, when the amalgam was apparently 
. entirely decomposed. 
The boiling solution and insoluble matter were poured onto a 
7 Buchner filter and suction applied. The colorless filtrate was 
‘ evaporated to dryness and left a very small residue, showing that 
h the ethylate of magnesium was either insoluble in alcohol or had 
q been decomposed by the heat. The residue upon the Biichner was 
a washed free from alcohol with absolute ether and the ether re- 
moved by heating under diminished pressure on the water-bath. 
“ The residue was gray, owing to finely divided mercury. This 
“ was collected as completely as possible by agitating the flask and 


poured off. A considerable quantity of the mercury remained, 
however. Upon treating a small quantity of the gray powder with 
an equal volume of water there was a vigorous reaction with 
evolution of heat. Upon adding more water and boiling, ethyl 
alcohol distilled off, and the solution became gelatinous owing to 
is the formation of magnesium hydroxide. This would indicate that 
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magnesium ethylate was present in the insoluble residue, obtained 
by the action of hot absolute alcohol upon magnesium amalgam. 

Upon subjecting the supposed ethylate to dry distillation a liquid 
distillate was obtained which smelled strongly of acrolein, and 
reduced ammoniacal silver nitrate in the cold, and restored the 
color to fuchsin aldehyde reagent. 

This would indicate that the reason the reductions go one step 
farther in dilute methyl alcohol than in dilute ethyl alcohol is 
that while the magnesium methylate is soluble in the correspond- 
ing alcohol, and. consequently, easily oxidized to the formate, the 
ethylate is insoluble in ethyl alcohol and, consequently, has a much 
weaker reducing action. 

In confirmation of the reducing action of the methylate 25 
grams of nitrobenzene were dissolved in 1 liter of methyl alcohol 
and 300 grams of 5 per cent. amalgam added in the customary 
manner, and the reaction product worked up without boiling. 
To this end the methyl alcohol was distilled off in vacuo, the resi- 
due dried on the water-bath and extracted in the usual manner. 
Both azoxy- and azobenzene were obtained, the former in larger 
quantity, showing that the chief product of the reduction, due to 
the amalgam, is azoxybenzene, and that this is reduced to azo- 
benzene when boiled with a solution of the methylate of mag- 
nesium. 

The results obtained with dilute solutions being different from 
those obtained by Evans and Fetsch with 10 per cent. magnesium 
amalgam, and more concentrated solutions it was deemed ad- 
visable to repeat their experiments. Accordingly, 10 grams of 
nitrobenzene were dissolved in 250 cc. of 95 per cent ethyl alcohol 
in a flask provided with a return condenser, and a quantity of 10 
per cent. amalgam theoretically sufficient to reduce the nitroben- 
zene to aniline, namely, 60 grams, was added in three portions, 
first 30 grams and then two portions of 15 grams each. The re- 
action was not very energetic upon the addition of the first por- 
tion, but became so upon heating the solution to boiling. As the 
reaction became less violent, the remaining portions of the amal- 
gam were added. When hydrogen was no longer evolved, the 
reaction product was filtered and the residue extracted with boil- 
ing alcohol. The extracts yielded 5 grams of azobenzene, or 
67.50 per cent. of the theory. Evaporation of the mother-liqucr 
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gave 3 grams of a dark red oil with a decided isonitrile odor. 
This odor was noticed to a slight extent in all the reductions of 
nitrobenzene. 

Paranittrotoluene in Concentrated Solution—Ten grams of p- 
nitrotoluene dissolved in 250 cc. of 95 per cent. alcohol and re- 
duced in the manner just described, with 53 grams of 10 per cent. 
amalgam gave 4 grams p-azotoluene, melting-point 144°, equal 
to 52.2 per cent. of the theory, and 3.5 grams of p-azoxytoluene, 
melting-point 54°, or 42.5 per cent. of the theoretical. 

[t is probable that the reason for the more marked reducing 
action of the amalgam in the concentrated hot solution is that 
the magnesium ethylate is, in part, oxidized as it forms, while if 
the reduction be carried out in the cold the ethylate precipitates 
and is not affected by the subsequent boiling. 


NOTE. 


Note on the Amount of Moisture Remaining in a Gas after Dry- 
ing with Phosphorus Pentoxide-—My earlier’ paper on this sub- 
ject stated that the amount of moisture left in a gas by this drying 
agent is something like a milligram in 40,000 liters. It is now 
possible to make the approximation somewhat closer. In order to 
explain the advance in precision it will be convenient to refer to 
the parallel case of sulphuric acid. 

[f air is passed through sulphuric acid it retains some water and 
takes up some vapor of sulphur trioxide. It is easy to determine 
the sum of these two quantities, and easy to determine the quan- 
tity of sulphur trioxide. The difference of these quantities gives 
the amount of aqueous vapor left unabsorbed. ‘The quantities con- 
cerned are so large, in the case of sulphuric acid, that volumes of 
a few hundred liters of gas are sufficient to give a tolerable accu- 
racy to the determinations. 

Phosphorus pentoxide leaves so little water vapor that an ex- 
periment, lasting four months and dealing with 4,300 liters, only 
gave a quantity 0.1 mg. for the sum of water and of phosphorus 
pentoxide vapor. This result was published in the hope that it 
might be found useful, although the amount of pentoxide vapor 


1 Am. J. Sci., 34, 199 (1887) ; Fresenius: Zéschr. anal. Chem., 27, 1. 
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was undetermined, so that the actual amount of water vapor might 
be decidedly less than the value stated. 

The amount of pentoxide vapor contained in this sum has now 
been determined. A set of voltameters was arranged to deliver 
a liter of oxygen an hour and a little less than twice as much 
hydrogen. The gases finally passed through a large volume of 
phosphorus pentoxide. Here it was hoped that the two gases 
would be saturated with the vapor of the drying agent, but the 
quantity taken up is so small that no direct proof of saturation 
was obtained. The two gases were then led into a combustion 
chamber, such as was used in my syntheses of water,’ except that 
no auxiliary drying tubes were needed, and that a globe was 
fused on in which should be collected the 0.5 liter of water about 
to be produced. The combustion was maintained for a fortnight. 
Three liters were entering the chamber each hour, but only a few 
bubbles were escaping in the same time; vapors of phosphorus 
pentoxide entering would, therefore, have to remain so long in 
contact with water and steam that their absorption may be assumed 
complete. 

When nearly goo liters of the gases had been consumed the 
water was mixed with a few milligrams of sodium carbonate and 
evaporated to the volume of 5 cc. This residue was mixed with 
nitric acid and molybdate solution, and sealed in a glass tube. 
Similar tubes containing known amounts of phosphorus pentoxide 
were treated in the same way. All the tubes were heated to 40° 
for a suitable time. A careful comparison of the precipitates 
showed that the first tube contained 0.02 mg. of phosphorus pent- 
oxide. This being the amount in goo liters, the 4,300 liters 
of the earlier experiment would have given 0.1 mg. of pentoxide. 
But this is the amount of pentoxide and water, taken together, 
which is contained in 4,300 liters, according to the experiment of 
1887. If the difference of two so uncertain numbers could be 
trusted, the inference would be made that phosphorus pentoxide 
leaves no moisture in a gas. It may be added that the 4,300 liters 
of 1887 were probably not quite saturated with the vapor of the 
pentoxide. 

No one, perhaps, is more fully aware than the writer what large 
percentage errors are contained in the values. No such experi- 


1 Smithsonian Contributions, No. 980, p. 100, Fig. 36. 
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ments as these, nor many like them, could establish, with pre- 
cision, the physical constants of phosphorus pentoxide. But they 
show conclusively, unless gross error be suspected, that no gravi- 
metric experiments which the scientific world has in hand at 
present would need to take account of the moisture which phos- 
phorus pentoxide leaves in a gas. A current passing at the rate 
of 2 liters an hour through 25 cc. of the pentoxide properly filled 
into a drying tube, contains much less than 1 mg. of water vapor 
in 40,000 liters ; whether a half or a tenth of this quantity, no one 
can now say. 

Many, speaking hastily, use expressions which imply that it is 
difficult to dry a gas completely in refined experiments. It is easy 
to dry a gas completely, but it is difficult to keep it dry when it is 
passed into a vessel with a well-wet surface, such as the surface 
of ordinary so-called dry glass. According to Talleyrand, one 
important office of language is to conceal thought; and, in re- 
fined experiments the use of the word dry, as applied to any ex- 
posed surface of glass below the point of fusion, is to be regarded 
as a charming example of such concealment. If a man, preparing 
absolute alcohol, collects his product in bottles not drained after 
washing, he may, doubtless, be permitted to conceal his thought 
by saying that it is excessively difficult to prepare absolute alcohol. 

My own requirements as to dryness of glass surfaces have not 
been extreme, nor my means of detecting residual moisture so fine 
as is the case with experiments on the rate of chemical change in 
the absence of water. The inner surface of a glass apparatus con- 
taining phosphorus pentoxide and kept exhausted to a hundred- 
millionth of an atmosphere has seemed dry after five days at 
ordinary temperatures, or after one day at 100°. But if the ap- 
paratus is filled with a gas, dry when introduced, the glass sur- 
face loses its moisture to that gas, and the diffusion of the mois- 
ture from the glass to the pentoxide is but a slow process. The 
time needed to dry the glass will, therefore, be much longer than if 
a vacuum were maintained. This is not because the drying of a 
gas is difficult or slow, but because it is a slow process to dry a 
gas and moisten it alternately for perhaps a score of times. 

Epwarp W. Morey. 
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HRUMANN’S ANLEITUNG ZUM EXPERIMENTIREN. VON PROF. DR. O. 
KUHLING, Dritte, Auflage. Verlag von Friedrich Vieweg und Sohn, 
1904. Price, 19 marks. 

The old friends of this excellent book will be delighted to see 
it in its present form and will find in it much that is new. Those 
unacquainted with it will be amazed at the abundance of good 
things which fill its 818 pages. 

Heumann died before the second edition was exhausted. He 
never knew how deeply his efforts in the field of experimental 
chemistry were appreciated. However, his name will live in the 
annals of chemical science not only because of the real worth of 
this volume, but also because of his participation in the snythesis 
of indigo. 

The editor of the present edition, on entering upon his task of 
revision, did not purpose making any changes in the essentials 
of the text beyond introducing such experiments as represented the 
development of experimental inorganic chemistry within the last 
decade or two. He was, however, soon convinced that the material 
from which he would be obliged to select was so abundant, so 
rich and very important that it would be unwise to omit any of it. 
The wonderful strides in physical chemistry, in electrochemistry, 
in chemistry at elevated and at low temperatures had brought to 
light such a mass of results of the highest importance and interesi 
that he was constrained to take extensively from them. The new 
experiments, described in much detail, have been chiefly drawn 
from the domain of electrochemistry. There are also many others 
made possible through the use of liquid air. Through the electric 
furnace the preparation of carbides has been presented, and by 
Goldschmidt’s process the methods of obtaining various metals 
have been outlined. The experiments from the field of physical 
chemistry are not so numerous, simply because it is rather diffi- 
cult to present to large audiences the demonstrations which are 
most convincing. The experiments of this nature, which do ap- 
pear, have been made possible by the use of projection apparatus, 
and the reader will find most explicit directions as to the handling 
of such apparatus in lecture work, as well as wholesome advice 
as to the care and application of the electric current in connection 
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The book contains many experiments contributed by such 
masters as Emil Fischer, Landolt, Volhard, Erdmann, and others. 
It thus becomes the product of many minds and gains in value. 

The thanks of every teacher of experimental chemistry are due 
Professor Kihling for the admirable manner in which he has 
performed his duties as editor. Epcar F. SMIrH. 


THE ELEMENTS OF CHEMISTRY. By M. M. PATTISON Muir. Philadel- 

phia: P. Blakiston’s Son & Co., 1904. xiv-+ 554 pp. Price, $3.50. 

In this book certain features of an individual character attract 
attention. The order in which the subject is presented and the 
apportionment of space are as follows: The first five chapters 
(104 pages) are introductory and deal with homogeneous sub- 
stances, the nature of chemical change, the laws of combination, 
atomic weights (by tacit assumption of Avogadro’s hypothesis), 
equations, acids, basic and acidic oxides, salts, and chemical nomen- 
clature. H =1 is used as the basis of atomic weights. The two 
following chapters (40 pages) deal with oxygen and hydrogen, 
water and hydrogen peroxide. Chapter VIII (31 pages) covers 
nitrogen, nitric acid, the oxides of nitrogen, the dissociation of 
nitrogen peroxide, ammonia, hydrazoic acid, and hydrides in gen- 
eral. The subject is surely too difficult a one for this early stage. 
Chapter IX (52 pages) treats of sulphur, hydrogen sulphide, the 
oxides of sulphur, sulphuric acid and sulphates. Space is also 
found for the allotropy of sulphur and of oxygen, relation of 
acidic oxides to acids, the theory of ionization, normal and acid 
salts, acid radicals, the general relations of the basicity of acids 
and the composition of basic oxides to the composition of the salts 
derived from them, interactions of acids and salts in general, in- 
complete reactions between acids and salts in solution, theory of 
chemical equilibrium, the idea of equivalent weights of acids, the 
relative activity of acids and several methods of estimating it, 
the strength of bases, the interactions of salts with strong and 
weak acids, the ionic explanation of the strengths of acids and 
bases (7 pages), double decomposition, double salts, comparison 
of basic and acidic hydroxides, chlorides of sulphur, and, finally, 
dissociation and the calculation of its amount from vapor den- 
sities. There are about 6 pages occupied by groups of illustrative 
equations and tables of formulae. Chapters X to XIV (86 pages) 
cover the metals of the alkalies, iron, manganese and chromium, 
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the arsenic family and the halogens. Chapter XV (14 pages) con- 
tains a classified list of oxidations and reductions. In Chapters 
XVI and XVII (66 pages) the atomic and molecular theories and 
the results of the application of Avogadro’s hypothesis are handled. 
Chapter XVIII (38 pages) concerns isomerism and structural 
(including stereo-) formulae. The remaining eight chapters deal 
with the periodic law (20 pages), thermochemistry (8 pages), 
phosphorus (16 pages), carbon and silicon (11 pages), palladium 
and platinum (3 pages), argon, and conclusion (9 pages). In 
an appendix (14 pages) the properties of the elements are sum- 
marized. Interesting paragraphs of an historical nature occur at 
intervals. 

Another characteristic of the book is observable in the formulae 
and equations. Gases, liquids and solids are distinguished by 
different type. In a large proportion of the equations the atomic 
and formula-weights are printed beneath the symbols; excess of 
one reagent, if required in the action, is indicated; and water is 
symbolized when the action takes place in solution. For ex- 
ample (page 210) : 


H,SO, + CaC,0, + x«CaC,0, + Ag = 
Weights 98 + 128 +2%.128 
CaSO, + (H,C,0,)Aq + xCaC,0,. 
(oxalic acid) 


136 + go + x.128 
Reversible actions are indicated by the form: 


2KClAq + H,SO,Aq == 
*xK,SO,Aq + x2HClAq + (1 — x)H,SO,Aq + (1 — 7)2KCIAq, 
the double arrow being seldom employed. 

There is a tendency to lack of logical sequence and disregard 
of established pedagogical principles which might create difficul- 
ties for a beginner. For example, the relation of the magnetism 
of the earth to electrolysis (page 200) is not made clear; the only 
reference to sulphur-recovery appears in the paragraph dealing 
with the Solvay process (page 257) ; the illustrations of molecular 
structure (pages 415 to 442) are almost all selected from the chem- 
istry of carbon and, coming as they do before this chapter has been 
reached, can have little meaning to the reader. Where an illus- 
tration of hydrolysis is wanted, the case of borax is cited (page 
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269), although sodium carbonate, having been handled in the 
preceding chapter, would have been a more natural choice; the 
electromotive series is discussed under potassium and sodium, 
although the illustrations necessarily deal with less electro-posi- 
tive elements which have not yet been reached. Sometimes un- 
important matters are dignified with distinct headings, while 
highly important things are concealed in paragraphs nominally 
on other subjects. Thus, the first summary of the chemical rela- 
tions which distinguish the compounds of the metallic elements 
occurs in a paragraph on “Some Properties and Reactions of Iron.” 

As the list of contents shows, physico-chemical subjects occupy 
a conspicuous place in the book. This was what we should expect 
from a pioneer of physical chemistry in English. It is ques- 
tionable, however, whether clear ideas will be obtained by be- 
ginners from such discussions as that of hydrolysis (page 209), 
and the neutralization of strong bases by weak acids (page 248). 

There are not many slips in the book. Manganese dioxide and 
chromic acid are described as “basic peroxides’ (page II0). 
Among the oxides which react with water to form the corre- 
sponding acids, but are not obtainable from those acids, P.O, 
and Mn,O, appear (page 193). On the same page, As.O, is 
included among the oxides which, with water, do not give acids. 
Unfortunately for the elaborate illustration of the dissociation of 
SCl, (page 237), Ruff and Fischer have shown that SCI, does 
not exist. On page 247 the words hydroxide and hydrate should 
be transposed and on page 254 (*—1I1) should be (1—-+) 
throughout. 

While this is an interesting attempt to present elementary chem- 
istry from the modern standpoint, the peculiarities indicated above 
are likely to interfere with its wide adoption. As 3: 


ANALYTICAL CHEMISTRY. VOL. II. QUANTITATIVE ANALYSIS. By F. P. 
TREADWELL. Translated (with the author’s permission ) from the sec- 
ond German edition by WILLIAM T. HALL. New York: John Wiley 
and Sons, publishers. Price, $4.50. 

This book is a translation of the second German edition which 
appeared soon after the first, and which is already known to 
many English readers, though neither of the original editions has 
thus far received notice in this Journal. 

Works on quantitative analysis are made up of art and science 
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in widely varying proportions. The latter is likely to be the 
feebler element in the best, while in the worst it sinks to the 
vanishing point. Treadwell’s “Quantitative Analysis” gives a 
commendable share of attention to modern theory. The mass law 
electrolytic dissociation, hydrolysis, the theory of indicators, and 
separation by immiscible solvents are all treated here, and some 
satisfactory application of these principles is also to be found. In 
the main, however, the application in any detailed way to specific 
cases is still wanting, though this is due chiefly, not to any 
oversight on the part of the author, but to a lack of available 
data. More experimental work must be done before a book can 
be written in which the analytical result is not quite so exclusively 
as now, the end in view. 

The author says in his preface: “I had intended to describe only 
such methods as I had found satisfactory from my own experi- 
ence, and this is true of the majority of the processes.” ‘Those 
which he has not tested are given only on the authority of reputa- 
ble analysts and are marked with a star. This personal guarantee 
by a man of experience and authority is undoubtedly the feature 
of the book, and will atone for any lack of comprehensiveness to 
-be found in it. It is not elementary. Although the rarest elements 
are not mentioned, we have methods for the determination of 
zirconium, thorium, vanadium, tungsten, uranium, selenium and 
tellurium, in addition to the commoner elements. (The propor- 
tionate space devoted to the different branches of the subject is as 
follows: Analytical operations, 33 pages; gravimetric analysis, 
377 pages ; volumetric analysis, 143 pages; gas analysis, 74 pages. ) 
The number of volumetric methods for the metals strikes one as 
rather meagre, there being none at all for copper, zinc or lead 
(except peroxide). A short treatise on the fire assay for the 
precious metals is given, but it is too brief to be generally useful. 

In style the book is admirable. Without sacrificing clearness, 
the author is very successful in abbreviating those masses of de- 
tailed directions to which many writers on this subject are prone. 

These qualities are well preserved in the translation. The 
German text has been followed not too servilely, and there are 
some changes and many additional notes. A few errata only have 
been noticed. We read calorimetrically for colorimetrically on 
page 57, and iron for ion on page 561, but there is much evidence 
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of bad presswork in blurring or entire omission of letters, 
words and subscripts. 

We may say, without reservation, that this book will take and 
hold a pre€minent place among works of its class, and it is just 
such as will be greatly extended in use by a translation. 

E. T. ALLEN. 
CHEMISCH-TECHNISCHE UNTERSUCHUNGSMETHODEN HERAUSGEGEBEN 
VON Dr. GEORG LUNGE. Funfte Auflage, Ersterband, mit 180 abbil- 
dungen. xxvi + 953 pp. 8vo. Price: Paper 20 marks. Bound, 22 
marks, Berlin: Verlag von Julius Springer. 

This is the fifth edition of a valuable work. The fact that the 
last (third) volume of the fourth edition bears the date 1900 shows 
that the work is appreciated by the chemical public. 

The operations described under each heading are divided into 
three sections: The examination of raw material, the analytical 
and other methods needed to control the manufacture, and the 
examination of the product. 

This is frankly a book intended to be of use to those actually 
engaged in manufacture and all methods chemical and physical 
are given together. This first volume is divided as follows: Gen- 
eral Operations to page 210, by Dr. Lunge; Technical Gas Anal- 
ysis and Fuel Examination to page 264, by Dr. Ferd. Fischer; 
Manufacture of Sulphurous, Nitric and Sulphuric Acids, Sul- 
phate and Muriatic Acid, Soda and Chlorine to page 524, by Dr. 
Lunge; Potash Salts to page 553, by Dr. L. Tietjens; Cyanogen 
Compounds to page 573, by Dr. H. Freudenberg; Clay Analysis 
to page 600, by Ph. Kreiling ; Examination of Pottery to page 616, 
by K. Dimmler; Aluminum Compounds to page 632, by Dr. 
Lunge; Glass to page 672, by E. Adam; The Mortar Industry to 
page 767, by Dr. Carl Schoch; Potable Water to page 836, by Dr. 
L. W. Winkler; Boiler Water to page 846, by Dr. Lunge; Sewage 
and Soils to page 908, by Dr. EF. Haselhoff; The Air to page 953, 
by Dr. K. B. Lehmann. 

Complete unity of treatment and avoidance of occasional repeti- 
tion can hardly be expected in a work put together in this way, 
but the result of codperation is a more useful book. Dr. Lunge is 
a very painstaking editor and has turned out an admirable volume, 
which will be useful to all concerned in the subjects treated. The 
publishers promise the second volume by the end of 1904, and 
the third before July, 1905. Epwarp Hart. 
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LABORATORY EXERCISES IN PHYSICAL CHEMISTRY. By FREDERICK H, 
GETMAN, PH.D. John Wiley and Sons. 241 pp. 1Ioo illustrations. 
1904. Price, $2.00. 

As the author says in his preface, there is need for a shorter 
laboratory guide, one more specifically adapted to students begin- 
ning physical chemistry, than Ostwald-Luther’s Physico-Chem- 
ische Messungen, which is rather a mine of information for the 
teacher. Dr. Getman’s manual is the first in this field and will 
be welcomed with pleasure, but it will be subjected to a somewhat 
critical examination on that very account. 

The topics taken up are more numerous than might be expected 
from the preface, or from the size of the book. The first sectior, 
“TIntroauctory Measurements,” is devoted to methods for the cali- 
bration of balances and weights, reduction of weighings to vacuo, 
calibration of flasks and burettes, determinations of specific grav- 
ity, viscosity, surface-tension and solubility. All that is said con- 
cerning the vapor-density methods is brought in under the head 
of specific gravity, and consists in the mention of the names of 
five methods and a description, two pages long, of the Victor 
Meyer method with a figure. The second section, on ‘Thermal 
Measurements,” includes the calibration of thermometers by 
means of the usual fixed points, and by means of transition tem- 
peratures also (although it is not made clear how these are used), 
the determination of the coéfficient of cubical expansion and of 
molecular volumes of liquids at their boiling-points, the boiling- 
point and the freezing-point methods, and a large number of de- 
tails under the head of calorimetry. The section on ‘Optical 
Measurements” naturally consists of descriptions of the spectro- 
scope, the Pulfrich and the Abbé refractometer, and the polar- 
imeter. Under the section “Electrical Measurements,” in sixty 
pages, most of the usual methods and instruments are dealt with. 
The method for the determination of the dielectric constant is 
very welcome. Some of the statements in this part of the book 
might be improved, for instance, on page 158 we find....... ‘ 
“since liquids have no definite form it is obvious that the above 
definition of specific conductivity does not apply,”’ whereas it does 
apply, and the specific conductivities of solutions so defined enter 
into formulae on the next page. Six pages on “Dynamical Meas- 
urements,” including the inversion of cane-sugar, the catalysis of 
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methyl acetate and the saponification of ethyl acetate, followed by 
21 well selected and useful tables conclude the book. 

As a whole, this manual is a fairly complete summary of the 
methods of physical chemistry, but too brief for the ground it 
covers. Formulae are freely inserted throughout, occasionally 
without their derivation, once even without a statement of the 
meanings of the symbols (the formula for the molecular lowering 
of the freezing-point on page 64), and more frequently omitting 
essential steps in their derivation. This occasional omission of 
essential steps is a fault more or less felt throughout the book, in 
fact, very few methods are presented with sufficient completeness 
to enable a beginner to carry them out without other assistance. 
Used as a skeleton outline, however, with a competent instructor 
at hand to fill in the gaps, it will unquestionably be of value in 
laboratory instruction. S. L. BicELow. 


GRUNDZUGE DER SIDEROLOGIE. VON HANNS FREIHERR VON JUPTNER, 
Professor an der K. K. technischen Hochschule in Wien. Dritter Teil, 
erster Abteilung : Die Wechselwirkungen zwischen Eisen und verschie- 
denen Agentien. 1904. Leipzig: Verlag von Arthur Felix. 152 pp. 
Price, 6.50 marks. 

This book is the first part of the third volume of Jiiptner’s 
“Siderologie,” the first two volumes of which have been reviewed 
in this Journal. The author considers, from the physico-chemical 
point of view, all those reactions which may take place when iron 
or its oxides are subjected to oxidizing or reducing agents, or 
when iron reacts with other elements as carbon, phosphorus, sul- 
phur, or with slag. The equilibrium and dissociation phenomena 
are discussed in detail in a clear and precise manner, and the older 
experimental work is brought into harmony with the more recent 
views and the latest work on the physical chemistry of iron. 
Among the more important of recent investigations the author 
discusses, in detail, the work of Stead on phosphorus and iron, 
the work of Le Chatelier and Ziegler on the relations between iron, 
manganese and sulphur, and the important work of Charpy and 
Grenet on the breaking down of iron carbide into graphite and the 
influence of temperature and silicon on this reaction. 

The high standard of the first two volumes is fully maintained 
in this one. Henry Fay. 
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THE ELECTRIC FURNACE. By HENRI Molssan. Authorized translation 
by VicToR LENHER, PH.D., University of Wisconsin. Easton, Pa.: 
The Chemical Publishing Co. ix + 305 pp. Price, $3.00. 

The original edition of this book has already been reviewed in 
this Journal, and is probably familiar to most users of electric 
furnaces. This English edition will bring the subject before a 
wider circle of readers and will doubtless stimulate the already 
rapidly increasing interest in the electric furnace and its products. 
As a field for experimentation the chemistry of high temperatures 
offers many attractions. It is comparatively new, but has already 
yielded remarkable results; the apparatus is simple, and suitable 
currents are easily accessible. In this book manipulation is de- 
scribed with sufficient clearness and fulness to serve as an ade- 
quate guide. 

Dr. Lenher’s translation is accurate and smooth, revealing but 
little of the French idiom. Yet there are not a few infelicities of 
expression scattered through the book which should have been 
eliminated, at least in the proof-reading. Such, for example, are 
“work in the warm,” “and as well their densities do not rise regu- 
larly,” “in contact to,” “currents of high value,” “different than,” 
“silicon-containing cast irons” (for cast irons containing silicon). 
A “badger hair-brush” would be an interesting specimen. “Graph- 
ite from the South” would be misunderstood did not “Australia” 
follow in a parenthesis, and “Graphite from Greenville’ needs 
further definition. ‘‘Parallelipipedon” is repeatedly used where 
block would be better. Misprints are too frequent. We have 
Daubreé half a dozen times and also Daubree; Frémey; Ztiptner 
for von Jiiptner. Figures and names are occasionally wrong. We 
think the translator would have been justified in revising the 
formula GI,C,, calculated from 13.8 as the atomic weight of 
glucinum, and using GI,C, especially as the author uses the correct 
atomic weight and formulae later in the book. Unfortunately, the 
book is hampered by the lack of an index, though there is quite 
a full table of contents in the opening pages. 

Jas. Lewis Howe. 


DIE WISSENSCHAFT. SAMMLUNG NATURWISSENSCHAFTLICHER UND MATHE- 
MATISCHER MONOGRAPHIEN. HEFT I. UNTERSUCHUNGEN UBER DIE 
RADIOAKTIVEN SUBSTANZEN VON MME. S. CURIE. Uebersetzt und 
mit Litteratur-Erganzungen versehen von W. KAUFMANN. Braun- 
schweig: Druck und Verlag von Friedrich Vieweg und Sohn. 8vo. 
1904. viii + 132 pp. Price, 3 marks. 

This small volume from the pen of the most eminent worker 
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in the field of radioactive research must, of necessity, contain much 
which is valuable and interesting. Separate chapters are devoted 
to the radioactivity of uranium and thorium, radioactive minerals, 
the new radioactive substances, the radiations of the new radio- 
active substances, excited radioactivity and the nature and cause 
of radioactive phenomena. The author’s own investigations are 
described in some detail and many of the more important results 
obtained by others are also included. The treatment of the subject 
of radioactivity is by no means exhaustive, but the book is valu- 
able for reference and the subject is so gracefully presented that 
it cannot fail to interest the general reader. Like many other 
foreign books, this one unfortunately contains no index. 


B. B. Boxtwoopn. 


THE METRIC FALLACY. By FREDERICK A. HALSEY, AND THE METRIC 
FAILURE IN THE TEXTILE INDUSTRY, BY SAMUELS. DALE. New York: 
D. Van Nostrand Company. 1904. 251 pp. 


This book is another illustration of the fact that there are two 
sides to every question, and the question of the adoption of 
the metric system in this country for ordinary transactions, even 
for the National government, is no exception to the rule. In 
this book, or rather in the two books bound in one, Messrs. Halsey 
and Dale have set forth many of the practical difficulties in the 
way of meeting the plans advocated by those interested in the 
adoption of the metric system of weights and measures, and what 
they offer seems well worthy of the careful consideration of these 
advocates. It is interesting to note that no mention is found in 
the books of protest from manufacturers of implements for weigh- 
ing and measuring, though one may readily imagine that these 
captains of industry would, in their own interest, be slow to offer 
such protests, in spite of the difficulties they would incur to meet 
the great demand for new implements required by the proposed 
change, if it should be adopted. 


While the scientific use of the metric system seems almost im- 
perative, it would furthermore seem that what Messrs. Halsey 
and Dale have compiled and here presented should have the care- 
ful consideration of all who are interested in the change pro- 
posed. McM. 
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READY REFERENCE TABLES. VOLUME I. CONVERSION FacTors. By 
CARL HERING, M.E. New York: John Wiley and Sons.  1go4. 
xviii + 196 pp. Price, $2.50. 

This excellent little volume is the first one of a proposed series, 
which are intended to aid mechanical and electrical engineers rather 
than chemists, and yet the chemist will often find the work useful. 
First, there is a table of the fundamental physical quantities and 
relations defined in terms of length, mass and time. Then follow 
tables of weights and measures of electrical, thermal and photo- 
metric units, etc., each one being given in several equivalent forms, 
with the corresponding logarithms. For example, one meter is 
defined in millimeters, centimeters, inches, decimeters, feet, yards, 
fathoms and kilometers, and so on with other standards of 
metrology. Another table gives conversion factors for various 
weights and volumes of water, and another is devoted to ther- 
mometric scales, the absolute, the centigrade, the Fahrenheit and 
the Réaumur. Several pages relate to money, and two of these 
tables are rather novel. Thus one pound per kilogram is defined 
in terms of marks per kilo, cents per ounce, shillings per pound, 
etc. Commercial calculations, such as the verification of bills for 
supplies, or the comparison of contracts, are thus much facilitated. 
The strength of the volume, if such a term is admissible, is to be 
found in its electrical data, which are given with great thorough- 
ness. The tables, it must be borne in mind, are not tables of con- 
stants for individual substances, but tables of conversion factors 
with their logarithms, and thus fill a place not occupied by any 
previous compilation. F. W. CLARKE. 











